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MODAL ACOUSTIC TRANSMISSION LOSS (MOATL):
A TRANSMISSION-LOSS COMPUTER PROGRAM USING A

NORMAL-MODE MODEL OF THE ACOUSTIC FIELD
IN THE OCEAN

INTRODUCTION

Investigations of acoustic transmission in shallow water typically consider propagation to ranges of
100 to 1000 times the thickness of the water column. The ocean may therefore be considered to be a
thin film through which the signal is propagated. In many ocean areas the thickness of this film will
show considerable variation over propagation ranges of interest. In addition, the acoustical properties
of the water and the ocean bottom can depend upon range. However, these range dependences are
usually slow and the acoustical properties are uniform over range intervals many times the acoustic
wavelength. In contrast to the slow range-dependence, the acoustical properties of the ocean bottom
and the water column frequently show rapid depth-dependence. Appreciable changes in these media
occur over vertical distances comparable to the acoustic wavelength. In addition to this spatial variabil-
ity, the properties of the water column are time-dependent and can change considerably over the period
of a day due both to diurnal heating and cooling and to tidal flow.

The relative shallowness of the water column and the strong depth-dependence of its acoustical
properties make normal-mode representations of the acoustic field more useful and reliable than the
ray-tracing methods frequently used in transmission loss calculations for the deep ocean. NRL has
developed a computer program that calculates transmission loss by using a normal-mode model. The
subroutines which perform the normal-mode calculations have been described previously [1]. The
transmission-loss calculation using the normal-mode parameters is the subject of the present report.

This transmission-loss model may be used with arbitrary depth-dependence of the sound speed in
the water column and in the sediment layer. Provision is made, via the adiabatic approximation, for
calculating loss in an environment changing slowly with range. The third source of variability men-
tioned above, temporal change in the water column, is not considered.

In the following section the normal-mode model of the acoustic field is described briefly. Details
of this model and the associated FORTRAN programs are found in Ref. 1. Recent revisions of these
programs are described in Appendix A. The transmission-loss model for the coherent and incoherent
modal field sum for the perfectly stratified (range-independent) ocean is then presented. Modifications
made to the calculation to incorporate an environment changing slowly with range follow.

THEORY

Normal-Mode Model for a Perfectly Stratified Medium

The model geometry is shown in Fig. 1. A fluid layer of thickness HI and uniform density pI is
bounded above by a pressure-release surface and below by a second fluid layer, which has thickness H2
and uniform density P2. These layers will be referred to as the water layer and the sediment layer. The
(arbitrary) sound speed profiles in the water and sediment layers are cl (z) and c2 (z), respectively.
Beneath the sediment layer is a homogeneous semi-infinite basement of uniform density p3 and
compressional sound speed C3c. The basement may be modeled as a fluid or as a shear-supporting
solid. In the latter case, the shear sound speed is C3S

Manuscript submitted May 6. 1980.
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Fig. I -Physical model. An infinite half-space consisting of two fluid layers
bounded above by air and having respective depths H1 and H2 , densities p l and
P2, and a third, semi-infinite layer of density p3, compressional velocity C3c,
and shear velocity C3, (if it is a solid). At the source point the z-axis of a
cylindrical coordinate system is established perpendicular to the pressure-release
surface (the r-axis) with increasing z downward. The sound speed profile in the
water and sediment layers, cl C) and c2 (z) respectively, is a function of depth.

A cylindrical coordinate system is defined so the pressure-release surface lies in the (r, 0) plane,
and the z-axis is perpendicular to the surface with z increasing downward. A harmonic point source of
unit strength and angular frequency X lies on the z-axis at depth z0. The velocity potential 4 at any
field point (r, 0, z) satisfies the wave equation:

V2(D + |( j |¢ = - 8(r)8(0)8(z - zo). (1)

The model geometry possesses cylindrical symmetry. The boundary conditions at the media inter-
faces, the water depth, and c (z) do not depend on r, so we may separate Eq. (1) into two ordinary
differential equations. The resulting solution is:

N
C (r, 0) = ' P(Q0) I u,(;O) u,(Q) H(l) (k r)

4H, -

where N is the number of discrete normal modes allowed and where we have introduced the dimen-
sionless depth coordinate 4 = zIH1. The eigenfunctions uA(X) satisify the eigenvalue equation:

d'2U + H2 [1 w) I' -lkj 21 U ° (2)
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and in the case of a fluid basement are subject to the normalization condition

JW n~g U" A) = 1, (3)

where, depending on the value of A, P = PI, P2, or p3 and c = cl, c2, or C3. A similar (but more com-
plicated) condition applies to the solid-basement model [1]. These normalized eigenfunctions are the
acoustic normal modes of the given environment. At sufficiently long range the Hankel function
Ho) (k, r) may be replaced by its asymptotic form. Thus

)(rI t) - ip (4 0) 87rH' I k "(g) 2g eik-X-l4 (4)

where the time dependence e-i@t has been inserted.

Each of the terms in the sum in Eq. (4) corresponds to the contribution of a single normal mode
of propagation. Each of these modal contributions is propagated independently of the others. Attenua-
tion of the signal field is introduced by allowing the wave number (eigenvalue of Eq. (2)) of each mode
to become complex:

kn - k, + i8,n.

The attenuation coefficient, 8, assumes the form:

8n = E2'Yn) + E3cYn, ) E3s, n + S0,n + SIn + an- (5)

Here e2 is the plane-wave attenuation coefficient (imaginary part of the wavenumber) in a hypothetical
infinite medium consisting of the material in the sediment layer. The quantities E3c and E3s represent
the compressional and shear plane-wave attenuation coefficients of the basement. The quantities yn )
Yn(3c) (3) measure the degree to which the nth mode interacts with the sediment and the basement
compressional and shear wave mechanisms. If the basement is a fluid, the term E3s 5Y 3s) is absent. Of
the remaining terms, S0,n and Si,, represent attenuation of the modal field due to interaction of the
mode with statistically rough boundaries at the pressure-release boundary and the water-sediment
boundary, respectively. The rough-boundary interaction is discussed in Refs. 2 and 3. The term a,C
represents the attenuation due to absorption by the water (see Appendix A). The inclusion of the
attenuation, Eq. (5), due to rough boundaries and water and bottom absorption in Eq. (4) gives:

4(r, A, t) ip (g0) ( 18' N uio1,,( 0 ei(k0 r-t-ir/4) e(6)
8irH1 rj, k'nee . 6

The (real) instantaneous pressure p (t) due to a signal source of rms source pressure level S, referred to
unit distance from the source, is:

p(t) = S(47r)1/2p(CO) I u0(4o) U ()1 cos(kr - ct - 7r/4) e n (7)

Details of the results presented in this section are given in Ref. 4.

Transmission Loss for a Perfectly Stratified Medium

To obtain transmission loss we consider the rms pressure averaged over a time T» -:

-S>1/2= (47r) 2 I 1 .fT N U,, (c)I u0U- t -/4) e dt 11/2,p2 (t ' r J [ (c, )1 2 cos (k, r - rld ;r4) 
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This expression, in which the summation includes the phases of the individual modal pressure contri-
butions, is called the coherent sum. The coherent transmission loss obtained from this expression,
expressed in decibels, is:

(27rp I) [[N Un 04) UQ) -8r l2
L~h = 10 og 0l1 H? 2 (knr)1/2 e cos(knr)

IN U,(C0) Un () -8,r 12* 1
I n- (n ~l2 e sin (k,, r) . (8)

ln-1 (k,, r) 1/2 jj

When N is large, loss calculated from this expression usually exhibits rapid oscillations of order 10 to
20 dB as range changes (see Fig. 2). Transmission loss measurements employing CW acoustic signals
show similar oscillations (see Fig. 3). These oscillations are caused by phase interference effects among
the normal modes in which the signals are propagated. Details of the interference pattern are
extremely sensitive to the values of k,,. The values of k, are, in turn, sensitive to the sound-speed
structure of the ocean bottom. In most cases of practical interest when there are more than a few
modes the sound-speed structure of the ocean bottom is not known with sufficient accuracy to permit
detailed agreement between calculated and measured interference patterns. Comparison of calculated
and measured results is aided if the rapidly varying interference pattern is removed, leaving only a
smooth curve. In treating experimental data this is accomplished by smoothing CW loss measurements
over a range interval or by using broadband signals and processing techniques. The interference pattern
is removed from the model calculations by performing an incoherent mode summation. That is, the
energy contributions of individual modes rather than the phased pressures are added. The resulting
expression for the incoherent loss is

L C 10log,( (27rp 1) N U, Qn 0g) U, Q )e-8"r2 

L= l Io t H? 1 [| (k,,r)'12 I

Treatment of Nearly Stratified Media

In most shallow water areas of interest the assumption that the geometry and acoustical properties
of the medium do not depend upon range is not valid, even over relatively short (-10 km) propaga-
tion paths. When a range-dependent medium is introduced, the acoustic wave equation (Eq. (1)) can-
not be treated by the separation-of-variables technique used above. Since solutions of this generalized
problem do not exist, it is necessary to employ approximation techniques. The approximation used
here is that the range-dependence of the environment is sufficiently slow that the wave equation is
"locally separable." By this we mean that any property of a given normal mode, say the eigenvalue k, or
the attenuation coefficient 8n, in the vicinity of some point in the range-dependent medium is the same
as it would be in a hypothetical range-independent medium with an environment the same as at the
point of interest. In other words, the normal modes of propagation adapt to the local environment and
the local properties can be calculated from the range-independent model.

An additional approximation, that the range-dependent environment does not transfer energy
from one mode to another, is made. In this approximation [5,6], called the adiabatic approximation or
the conservation of mode index, energy originally propagated in a particular normal mode remains in
that mode until it is removed by absorption.

The modifications [7] to Eqs. (8) and (9) necessary to employ these two approximations are:

U. (co) U,, U,,~ (gW Un (g
and

H - Hl 
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(b)

Renge (km)

(c)

Fig. 2 - Calculated transmission loss. These three.graphs are examples of the plotted

output generated by PROGRAM MOATL. All result from the same physical environ-

ment (given as "Test Case Number 1" in the "OUTPUT" section of this report), but each

corresponds to a different value of the receiver depth: (a) 70 m, (b) 200 m, and (c) 400

m. The value of L~0,, (see Eq. (8)) is plotted as a continuous line and exhibits the oscil-

lations due to modal interference. The value of Li., at each range (see Eq. (9)) is plotted

as a circle. The circles overlap at most of the ranges in these illustrations.
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Fig.3 - Measured CW transmission loss. Oscillations in the transmission loss are shown
here for some typical measurements employing a towed CW source. The places where
data are missing correspond to intervals during which the source was turned off.

where unprimed quantities u, and HI apply to the source location and primed quantities un and Hi
apply to the field point at range r;

kn r - ;r k,(r) dr

is the cumulative phase; and

A" f On (r) dr

is the average attenuation coefficient. Eqs. (8) and (9) then become:

I (2ipIO) N Un( -A r 12
o -10 H 1 H IL In l e co Ilog101 n-I o /2 j

+ [V Un (CO) Un() e-Anr sink 2hl (10)

and
r 1~~~~~~~2~

L1,,c -- 10 logl10 (2,rp 1) NV [Un(CO~u() U e-A~rII 1 HIH; nil on 1 /211
The phase of the signal is obtained as the arctangent of the ratio:

N U (CO) U(e;) eAnrcSj nIIn-1 n I

ANALYSIS OF PROGRAM AND TECHNIQUES

General Remarks

For each point source of harmonic frequency f (f=&/27r) PROGRAM MOATL calculates the
transmission loss as a function of range r and depth z. The model described above located the source at
the range origin and considered the field point associated with the receiver to be a variable. in the pro-
gram code, however, source-receiver reciprocity is employed to locate the receiver at the range origin

6
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and depth z0. The source is located at the point (rz). This change was made so that the program con-
forms to the common experimental situation in which a source is towed along a radial track extending
from a fixed receiver. In model calculations for range-independent environments the location of the
receiver at the origin is largely for convenience of notation. In range-dependent environments, how-
ever, locating the fixed transducer at the origin makes the calculation more economical, since 4¾ and
A,, may be evaluated over the track without repetitive integrations over range. The program described
in this report may be applied to situations in which the source is fixed and the receivers are moving, if
the user exchanges the variables associated with source and receiver.

In the following description and in programming Eqs. (10) and (11), u, (C) is taken to be the nth
modal eigenfunction calculated by using the environment found at the origin and evaluated at the (nor-
malized) depth 0 associated with the receiver. The quantity u,(4) is calculated for the environment
associated with range r and is evaluated at the source depth (. Note that if the water depth at the
source Hi depends upon range, the normalized source depth 4 (r) = z/Hi (r) is also range-dependent.

The needed values un are obtained from the normal-mode representation of the sound field in an
ocean consisting of a three-layer half-space, as discussed previously. To this end, the main program
(MOATL) calls one of two sets of subroutines; the set FLUID, HALFF, and ITRTF assume the semi-
infinite basement to be a fluid, whereas the set SOLID, HALFS, and ITRTS assume a basement capable
of supporting shear. These subroutines are streamlined versions of the programs described in Ref. 1.
Some improvements have been made since Ref. 1 was published; the major changes are discussed in
Appendix A. Variable namelists are given in Appendix B.

When two distinct bottom layers with different properties are not required, a two-layer model may
be realized. This is accomplished by giving the sediment layer (a) a small thickness and (b) physical
properties identical to those either of the water layer (SOLID or FLUID) or of the basement (FLUID
only). Realization of the single-medium bottom is illustrated by the first test case in the "OUTPUT"
section.

Provision is made for the receiver to be located in the water or sediment layer; the source must
be in the water layer.

The range points at which loss is to be calculated or the calculation ranges, as we shall sometimes
call them, are assumed to be equally spaced. The user supplies the number of points and the max-
imum range at which calculated transmission loss is desired. The program obtains the spacing between
points by division. Nevertheless, it is a simple matter to obtain results a, unequally spaced range
points. There are two places in the main program where the FORTRAN code must be altered slightly.
These places are marked with COMMENT statements which give examples of how to make the
required modifications (see the listing given in Appendix C). One word of caution: difficulties may be
encountered if NMFREQ is given a value other than one; unequally spaced-calculation-range cases
should be run one-at-a-time.

The user must always supply an environmental data set (including water depth, sound-speed
profile, bottom properties, and other relevant parameters) at zero range. If a range-independent model
is to be used, no further environmental input is required. For a range-dependent model calculation,
additional environmental data sets are required. Each set may differ from the others by any arbitrary
combination of the environmental parameters, subject to the constraint that the fluid-basement and
solid-basement models may not both be used along the track. Such data sets may be supplied at any
number of user-selected ranges (not necessarily equally spaced and not necessarily coincident with any
of the ranges at which loss is to be calculated). Guidelines for the selection of spacing of environmen-
tal data sets are given in the "INPUT DATA" section below. The normal-mode parameters are calcu-
lated at each of these ranges. The modal properties are obtained at the intermediate range points
(where the loss is to be calculated) by performing a linear interpolation. If loss calculations are desired
out past the last data set, a linear extrapolation is performed.

7
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With regard to this interpolation, there are four range points of interest at any given moment dur-
ing the execution of the program (for a range-dependent model). The first is the range origin. Since
an environmental profile is always supplied here, no range-interpolation is necessary to obtain the
modal parameters at the receiver position. The second range of interest is the calculation range r,
which together with the source depth locates the source position. Since r is not usually coincident with
the range of one of the user-supplied input environments, a linear interpolation between the two input
ranges which bound r is required in order to obtain the modal parameters at the source position. The
ranges at which environmental data are supplied are the third and fourth ranges of interest. The
smaller input range or any group of variables at that range will be designated hereafter by SR; the larger
input range by LR. Details of the interpolation are presented below in Part 7 of the "Step-by-Step
Analysis" section.

The dimensioning of many of the arrays implies an application for which the number of normal
modes is less than or equal to 150. If more modes are expected, redimensioning and some minor
FORTRAN code modifications are required; these are not discussed here. Knowledge of the expected
number of modes is also required for determination of the input variables LI1 and L12. For this pur-
pose, we give the following "rule of thumb" guide:

N = 2fH [1 T Cin 12 + 1/2, (12)Cmin V C3J
where N is the total number of modes, f is the frequency, H is the sum of the thicknesses of the water
and sediment layers, cmin is the minimum sound speed found in the water and sediment layers, and c3

is C3c (FLUID case) or C3 , (SOLID case). For an isovelocity profile and slight redefinition of variables,
the expression becomes exact [8].

Before using the program, one must first inspect the two PARAMETER statements at the begin-
ning of the main program and change them if necessary. The variables REC and SOC should be
assigned values equal to or greater than the number of receiver and source depth points, respectively,
at which calculated results are desired. The variable REC5 should be equal to or greater than REC and
should be an integral multiple of five. This parameter is used for dimensioning the output transmission
loss arrays, but the purpose of introducing it in place of REC is solely to make the printout more
aesthetic; if resulting program storage requirements exceed the limitations of the given computer, the
parameter may be eliminated by minor output adjustments. The variable RNG should be assigned a
value equal to or greater than the number of range points at which calculations are desired. Before
using the program for the first time on a given machine, the parameters MGNTD and PRCSN should
be assigned appropriate values (see the COMMENT statement preceding the PARAMETER statement
in the listing). They will not have to be changed subsequently.

The program was written in ASC FORTRAN for use with the Texas Instruments Advanced
Scientific Computer (ASC) located at NRL. Wherever possible, however, the source code was put into
standard form. Thus it should compile on most FORTRAN compilers with a minimum amount of pre-
liminary code-changing.

The ASC has a single precision floating point word (32 bits) consisting of 1 bit for the sign, 7 bits
for the exponent, and 24 bits for the fraction (precise to approximately 7 decimal digits). Some of the
program variables are in DOUBLE PRECISION. A double precision word (64 bits) consists of 1 bit for
the sign, 7 bits for the exponent, and 56 bits for the fraction (precise to approximately 16 decimal
digits). In general, any variable involved in or affecting the calculation of an eigenvalue or eigenfunc-
tion is in DOUBLE PRECISION.

The required storage allocations for the main program, subroutines, and COMMON blocks are
given in Table 1.

8
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Table 1 - Storage Requirements

MOATL 4C59
FLUID 195B
ITRTF 4E3
HALFF 306
SOLID 1B9E
ITRTS 581
HALFS 335

Common Blocks Tr I

TNIH 2
TNH 12C
TNI 7
TH 1

TN 58680
NIH 968
NH 5
NIFLU 2
NI 12DB
IHI 2

NISOL 7 s I ^ q6 '4 3

As an aid to following the flow of control in the program when reading the code, the following
types of control statements have been indented three spaces: (1) DO loop; (2) GO TO statement; (3)
transfer-of-control IF statement; and (4) calls to subroutines.

The Naval Research Laboratory's computer peripherals include an 11-inch Calcomp (California
Computer Products) Model 565 Drum Plotter. The on-line plotter software on NRL's ASC currently
supports this plotter. PROGRAM MOATL includes an option which uses this package to plot coherent
and incoherent transmission loss as functions of range. Separate plots are generated for each fre-
quency, receiver depth, and source depth.

Input to the program is from logical unit five (card reader by convention), and printed output is
to logical unit six (line printer by convention).

Step-by-Step Analysis

In the present discussion, we follow PROGRAM MOATL step-by-step from start to finish. The
FORTRAN namelist (Appendix B) should prove useful to the reader at this time. A synopsis of the
workings of the program will be sketched and, whenever appropriate, the numerical methods and pro-
gramming techniques will be described. Wherever the normal-mode subroutines are mentioned, refer-
ence to Appendix A may prove useful.

The program has been broken up into 11 parts for discussion. The program listing is given in
Appendix C. The parts are defined, by control statement number (CSN), as follows:

Part 1: 34-58 Part 7: 189-214
Part 2: 59-66 Part 8: 215-247
Part 3: 67-120 Part 9: 248-262
Part 4: 121-141 Part 10: 263-271
Part 5: 142-146 Part 11: 272-299
Part 6: 147-188

9
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MILLER AND WOLF

Preceding the executable code are CSNs 1-33, which set up the necessary COMMON blocks,
PARAMETERs, DIMENSIONs, and FORMATs.

Part 1: Input Data and Initialization

The plot package is initialized and the parameters PMGTD and PPRCN are defined. These two
parameters are used in the normal-mode subroutines. The transmission-loss input parameters are next
read in and printed out. The variable DR is the calculation-range increment, defined by dividing the
maximum range by the number of calculation-range points. The array RAN(I) contains integral multi-
ples of DR, which are the ranges at which calculations are to be performed. If plotting is desired,
parameters are now defined for this purpose.

Part 2: Frequency and Attenuation

The frequency loop (DO 340) marks the beginning of an actual calculation of transmission loss.
A value of NMFREQ greater than one may be used, not only to obtain results for more than one fre-
quency, but for more than one run of the program for any reason (e.g. different sediment thickness,
different profile, etc.). For each case, the TITLE and frequency F are read in and printed out. The
equation for EP4 converts the plane-wave absorption coefficient of the sediment, E2 (EPI in the FOR-
TRAN), from units of dB/Hz-m into units of nepers/m, in which form it is subsequently used. Similar
equations convert the basement compressional plane-wave absorption coefficient, E3c (EP2 in the FOR-
TRAN), and the basement shear plane-wave absorption coefficient, E3l (EP3 in the FORTRAN). They
become EP5 and EP6, respectively.

Part 3: Input Data, Initialization, Receiver Parameters

The environmental input parameters (at zero range) needed for the normal-mode calculations at
the site of the receiver are first read in and printed out. The appropriate normal-mode subroutines are
next called to perform modal calculations. Prior to the call to FLUID or SOLID, NMODE is set to
10000. This is done for the following reason. In a range-dependent calculation, one of the input
environments may support more modes than a previous environment, i.e., one at closer range. How-
ever, the program implements conservation of mode index by excluding the higher order modes which
are not present at the previous environment. For example, if only five modes exist at an input range of
10 km, then at each of the calculation ranges beyond 10 km, only the five lowest order modes will be
used for a calculation of transmission loss. Additional modes allowed at ranges greater than 10 km are
assumed to be cut off at 10-km range. Each time FLUID or SOLID is called at a new input range,
NMODE is redefined to be the smaller of (a) the previous value of NMODE or (b) the maximum
number of modes existing for the given environment. Since this test is performed even for the first call
to FLUID or SOLID, NMODE must have been defined prior to the first subroutine call. Since
"redefinition" is actually to be definition by criterion (b), NMODE must be preset to a large number.

Prior to the first call to FLUID or SOLID, KA is set to zero. The variable KA is a flag which
when zero causes the eigenfunctions to be stored in UNRM1(IM,I) and when one causes the eigen-
functions to be stored in UNRM2(IM,I). Mode order is designated by the variable IM, depth index by
the variable I.

Many of the variables defined in Part 3 have names ending with the numeral 1 or 2, for example
RANGE1 and RANGE2. The reason for this (the same as for UNRM1(IM,I) and UNRM2(IM,I))
rests in the numerical technique employed to calculate the transmission loss for a range-dependent
environment. Any given source range at which loss calculations are desired will fall between two
ranges at which environmental input data have been supplied. Environmental and modal parameters
required at the source position are approximated by a linear interpolation which uses the given input at
each of the bounding ranges. (This procedure is described later.) The parameters at the smaller (i.e.,

10
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closer to the receiver) input range (hereafter designated SR) are stored in the variables whose names
contain the trailing numeral 1. The parameters at the larger range (LR) use the trailing numeral 2.
Parameters used for interpolation are: H11, H12 (water layer thickness); RANGEI, RANGE2 (range
at which environmental input is supplied); CTl, CT2 (sound speed at the surface of the water layer);
CB1, CB2 (sound speed at the bottom of the water layer); Nll, N12 (NI = LI1 + 1, where LI1 is the
number of incremental intervals into which the water layer is broken); EIGVL1(IM), EIGVL2(IM)
(the eigenvalue ks); R11(IM), R12(IM) (sediment attenuation ratio yIn2)); R21(TM), R22(IM) (base-
ment compressional attenuation ratio yn(3c)); R310(M), R32(IM) (basement shear attenuation ratio

n,(3s)); RAI (IM), RA2(IM) (water absorption a, - see Appendix A); RT10(M), RT2(IM) (F0 ,n -
see below); RB1 (IM), RB2 (M) (F 1,-see below).

The quantities described above are read in and/or calculated in Part 3 for the receiver (zero
range); they therefore constitute the first SR group. They are stored in the variables designated by the
trailing numeral 1. They are also initially stored in the LR group, for a reason which is explained in the
discussion of Part 6. The terms So0 n and SIn appearing in Eq. (5) may be rewritten as:

So, = (1- IR 0a,) F 0o,
S1, = (1- IR1,nI) r1,,j (13)

The variable R 0,, is the plane-wave reflection coefficient at the air/water interface, and R ,n is the
plane-wave reflection coefficient at the interface between the water and sediment layers. F0,, and F',,n
are the respective scattering ratios, which are calculated in the normal-mode subroutines. (See also
Ref. 1.) At the receiver site (RANGE1 = 0) these quantities are stored in the SR variables RT1(IM)
and RB1 (IM), respectively.

The quantities H10, RERHO1, and RERHO2 are defined as the water depth, water density, and
sediment density, respectively, at the receiver. They are defined because H11, RHO1, and RHO2 will
take on new values when subsequent input environments are read in; however, the values of these
quantities at the receiver will be needed in the final transmission-loss calculation.

The arrays SE(IM), S1(TM), S2(IM), S3(IM), SA(IM), ST(IM), and SB(IM) will be described in
Part 8. They are now initialized to zero.

The final calculations of Part 3 are to obtain the values of un(n), which appear in Eqs. (10) and
(11). The outer DO 110 loop varies the mode-order index n (programmed as IM) from 1 to NMODE.
The inner DO 100 loop varies the receiver identification index (programmed as J1) from 1 to NDRE
(the total number of receiver depths supplied). Each of the receiver depths corresponds to a different
value of 0= z/HI. The quantity u,(40) is programmed as RE (J1, IM).

The eigenfunction for a given mode is calculated in the normal-mode subroutines; values of the
function are defined at each of the N1 + N2 = (LI1 + 1) + (LI2 + 1) incremental depths (see
Appendix A and Ref. 1). The receiver depth, however, will generally lie between two of these incre-
mental depths. The program performs a linear interpolation, as follows, to obtain the value of uQ((0).
Assume for convenience that the receiver is in the water layer; the calculations for a receiver in the
sediment are similar. The program first defines Al to contain the number, plus fraction, of incremental
layers (numbered downward from the air/water surface) which corresponds to the receiver depth. For
example, if the receiver is exactly in the middle of the third incremental layer, Al = 2.5. The term IA1
contains the (truncated) integer value of Al; following the above example, IA1=2. Thus in general,
(IAI+I < i0 < ~IA1+2, where CIAI+I is the normalized depth at the top of the (IA1+1)th incremental
layer; CIAI+2 is defined similarly. Note that j = 0. In the above example, 0 is bounded by the depths
at the tops of the third and fourth incremental layers. (The general procedure is illustrated in Fig. 4.)
Standard linear interpolation yields the value for un,(b):

unQ(0) = uA((rA1+0) + A[uA(4IAl+2) - un(lA1+1)]. (14)

il
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AIR

- IA1=2

_ IA1 +1 ==3

TIAl : ullIA`+1)

. IA-- . Un( uo)7.. IAl+ 1: un (IAl +2)

WATER LAYER

E1-1 incremental layers
LN1 points (includes a point at

each interface)

SEDIMENT LAYER

Fig. 4 - Receiver eigenfunction. The first mode (fluid-basement model) at
zero range is illustrated, along with the values of the eigenfunction to be used
in the interpolation of u, (QO).

The quantity A (programmed as DLTAI) is that fraction of a layer increment by

CIAI+I- For a receiver in the water layer, we have:A = (LII) * (O) -IFIX[(LIl) * ( =O 4 Co -=IA1±1
~IAI+2 - IA1+I

which 0 exceeds

(15)

For a receiver in the sediment, the calculation of A is performed similarly.

For a receiver depth equal to the depth of one of the incremental layer boundaries, A will take on
the value zero or one, and the interpolation is actually a "do nothing" procedure.

Part 4: Range-Independent Parameters

If the calculation is to be based on a range-independent model, then the transmission-loss param-
eters and the calculated eigenfunctions at any given range will be the same as those already calculated at
zero range for the receiver. Later calculations of the program use the terms HS, CTS, and CBS for the
water-layer thickness and sound speeds at the surface and bottom of the water layer, respectively. For
a range-independent calculation, these parameters and the others defined in, Part 4 will not depend on
the range r as the calculation point moves out in range. Thus they have simple definitions. The
definitions for a range-dependent calculation are given in Part 7.

The procedure for obtaining the quantities un (C), which are the eigenfunction values at the
source, is identical to the procedure described in Part 3 for the receiver. As before, there are two
loops, one for the NDSO source depths C and one for the n = 1, ... , NMODE modes. The variable
u, () is programmed as SM(J2,1M), where J2 is the depth index and IM the mode-order index. The
only difference in procedure between the source and receiver calculations is that the source must be in
the water layer; i.e., it may not be located in the sediment.

12

0

H1

RIA1 + 1-

~I1 +2-

r



NRL REPORT 8429

The quantities WN(IM), G1(IM), G2(IM), G3(IM), GA(IM), GT(IM), and GB(IM) have sim-
ple definitions, thus obvious meanings, for the range-independent case (see Appendix B).

Part 5: Calculation Range Loop

The DO 300 loop uses I as the index for the NRCALC calculation-range points, which are stored
in RAN(I) one-by-one as encountered. If the calculations are to be range-independent, then the
parameters of interest in Parts 6 and 7 have already been defined in Part 4, and Part 5 now transfers
control to Part 8. This is programmed as: IF(NRBUF.EQ.1) GO TO 209.

If the calculations are to be range-dependent, then two more checks are made. Before calcula-
tions can be performed, we require various environmental and modal parameters, which are to be
obtained for a given RAN(I) by interpolating these same parameters between their known (or
subroutine-calculated) values at the SR and the LR ranges (see Part 3 for definitions and Part 7 for the
technique). Prior to the first time through the DO 300 loop, only the zero-range (receiver) parameters
have been obtained, and they have been stored in the SR group. The first time through the DO 300
loop (and only the first time), RANGE2 will be equal to RANGE1, which is equal to zero (see Part 3).
If they are equal, then Part 5 transfers control to Part 6, where the LR group is established.

The second check is made for subsequent loops over range. If, for a given value of I,
r _ RAN(I) lies between the present values of RANGEl and RANGE2, then an interpolation between
the present SR and LR groups can and should be made; Part 5 thus transfers control to Part 7. If
RAN(I), which has just been obtained by adding DR to the previous calculation range, is greater than
RANGE2, then the value of RANGE2 must become the next value of RANGE1, and a new RANGE2
(and a new LR group) is needed before the calculations can proceed (see Part 6). Part 5 transfers con-
trol to Part 6. The quantity RANGE2 + (DR/2) is actually used for this check, since for RANGE2 <
RAN(I) < RANGE2 + (DR/2), it is more accurate to extrapolate past the present RANGE2 than to
make the redefinitions of Part 6 and interpolate between subsequent SR and LR groups. (See Fig. 5.)

Occasionally (when the option of unequally spaced calculation range points is used-see the "Gen-
eral Remarks" section and the COMMENT statements in the program listing following CSNs 51 and
142), RAN(I) may be larger than RMAX, the range of the last input environment. In this case, linear
extrapolation is to be performed past RMAX, which is RANGE2 at this point.

The formulae for extrapolation are identical to those for interpolation and are not programmed
separately. We speak below only of interpolation, but the "double usage" is intended.

Part 6: Range-Dependent Parameters: Initialization

As alluded to previously, this part of the program is entered only if the present value of RAN(I)
lies outside the interpolation interval (RANGE1, RANGE2 + DR/2) and thus the interval must be
redefined. To this end, all of the present LR group variables are stored in the SR group, i.e., RANGE2
becomes the new RANGE1, and all of the LR parameters become the new SR parameters. For exam-
ple, we encounter FORTRAN statements like CT1=CT2 in Part 6. Note that the previous values of
the SR variables are lost. (They will no longer be needed for calculation of modal parameters at the
source position.) The new RANGE2 and its environmental parameters are next read in and printed out,
and the new LR group is established. Since the normal-mode subroutines have been called previously
to provide the modal parameters at zero range, the initial zero value of KA is now changed to one.
When either FLUID or SOLID is subsequently called to perform the modal calculations, the value
KA= 1 ensures that the eigenfunctions are stored in the LR array UNRM2(N,K).

In Part 3 we remarked that the receiver parameters were initially stored not only in the SR group,
but also in the LR group. The reason for this now becomes apparent, in view of the procedure
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described above of shifting the values of the LR variables into the SR variables each time a new user-
supplied environment is encountered. During the first pass through the DO 300 loop (1=1), the first
nonzero range environment is read in. Just prior to storing it in the appropriate LR variables, however,
all of the LR group is shifted into the SR group. By predefining these two groups to be identical, the
receiver parameters are not lost but are still retained in the SR group. The new LR group is then esta-
blished. Following the example of the last paragraph, we encounter such FORTRAN statements as
CT2=C1 (1) in setting up the new LR group. (The trailing numeral 1 in the array name here desig-
nates the water layer, not the SR group.) Storage of the eigenfunctions into the SR and LR arrays are
handled in a different manner. The flag KA is set to zero to ensure that the receiver eigenfunctions are
stored in UNRM1 (N,K) and KA is then set to one to ensure that the eigenfunctions at the first
nonzero range are stored in UNRM2(N,K). (See above and also Part 3.)

Part 7: Range-Dependent Parameters: Calculation of Source Parameters

Part 7 and Part 4 perform the same function and correspond to the range-dependent and range-
independent cases, respectively. The quantities HS, CTS, and CBS depend on r for a range-dependent
calculation. For the thickness of the water layer (the other two quantities are defined similarly), stan-
dard linear interpolation requires us to put:

HS = HI1 + A * (H112-H11),

where

A RAN (I) - RANGE 1 (16)
RANGE 2-RANGE 1

The quantity A is programmed as SCALE. For interpolation of the eigenvalues and attenuation and
scattering ratios, it is more accurate to replace the numerator in Eq. (16) by [RAN (I) - (DR/2)]
- RANGE1, which is effected by the FORTRAN statement:

SCALE = SCALE - DR/ (2.0* (RANGE 2- RANGE 1)). (17)

The reason for this, illustrated in Fig. 6, is as follows.

(2)
-Yn

SCALE =aI ~~a+b

~ DR-A

Fig. 6 - Approximation of fg0 y(2) (r')dr'i The "piece" of the integral

S-RA&k!z y(2 (r')dr' is approximated by DR *l y 2 (r"), where r" is
equal to RAN(I) -(DR/2). The result is shown with solid lines, and is
more accurate than the result (shown with dashed lines) corresponding to

r = RAN(l).
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Equations (10) and (11) for the transmission loss each contain the term e nr where

- _ 8 W(r') dr' (18)
r "0

is the average attenuation coefficient. This integral may be broken into a number of separate integrals
through use of Eq. (5). For example, one term of Eq. (18), say A', will be

A' f2 J (2) (r') dr'. (19)

At any given range r = RAN (I), the integral is approximated by adding a new "piece," representing the
integral from RAN(I-1) to RAN(I), to the stored value of, the (approximated) integral from zero to
RAN(I-i). (See Part 8.) Reference to Fig. 6 demonstrates that the appropriate value of Yn2) to be
multiplied by DR (in order to approximate .AN(1)) My 2 ) (r') dr' by a rectangle) is the value of the
function at the midpoint of the range-increment interval, i.e., at RAN(I) - (DR/2). In the FORTRAN
code, this value of y ( is programmed as G1 (IM) . Thus if we write

G 1 (IM) = R 11 (IM) + SCALE * (R 12(IM) - R 11(IM )),

SCALE must be given by its redefined value, Eq. (17), rather than its original value, Eq. (16).

Other variables handled in a manner identical to that of GU(TM) are: WN(IM) (the eigenvalue
kn) G2(IM) (compressional attenuation ratio y(3 C)), G3(IM) (shear attenuation ratio y (3s)), GA(IM)
(water absorption an), GT(IM) (air/water scattering ratio 10 ,n), and GB(IM) (water/sediment scatter-
ing ratio IF,n).

The values of the modal eigenfunctions u'(4) at the source position are determined asxfollows.
The normalized source depth at range RAN(I) is calculated. Then the value of the eigenfunction,
XXR1, for this normalized depth at the SR range is determined by interpolating between stored values
of the eigenfunction computed for the SR range (CSN 202). The method is similar to that used for the
receiver eigenfunction which is given by Eqs. (14) and (15) and which is illustrated in Fig. 4. The
interpolation is repeated (CSN 203) on the eigenfunction calculated at the LR range to obtain XXR2.
Finally, the value of the eigenfunction at RAN(I), programmed as SM(J2,IM) is determined by a
range-weighted interpolation between XXR1 and XXR2 at CSN 204 where the interpolation coefficient
A is determined from Eq. (16). After this procedure has been applied to all the normal modes which
propagate to the receiver and the loss at RAN(I) is determined, the normalized source depth at
RAN(I+ 1) is calculated and the above procedure is repeated.

Note that, in general, XXR1 and XXR2 will change as RAN(I) moves between SR and LR.
Interpolation employing the normalized depth variable has been found to be more accurate than direct
interpolation using the depth variable z to obtain different normalized depths at the SR and LR ranges.

Part 8: Transmission Loss: L

The array PL(J1,J2,I) is used for the incoherent transmission loss or transmission-loss anomaly
(see Part 9 for definition of transmission-loss anomaly) and QC(J1,J2) and QS(J1,J2) are used for the
cosine and sine terms, respectively, of the coherent transmission loss or transmission-loss anomaly.
These arrays are first set to zero. Note that for each new calculation-range point, they will initially con-
tain all zeros. On the other hand, the arrays SE(IM), ... , SB(IM), were initialized to zero outside the
DO 300 range loop (see Part 3). Thus they initially contain zeros only for the first range-point calcula-
tion. For each individual mode (they are subscripted for mode index), these arrays will accumulate
"pieces" of the range integrals they represent (see below and also Fig. 6) as execution of the code con-
tained in the range loop is repeated for each new calculation-range point.
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As noted in the discussion of Part 7, the average attenuation coefficient A, (see Eq. (18)) may be
broken into a number of integrals representing the separate attenuation mechanisms. Considering only
the sediment attenuation ratio yn ) for example, the coefficient A' (a component of An) is given by
Eq. (19). Similar equations hold for the other attenuation mechanisms. The program approximates
each of these integrals by dividing it into "pieces," each "piece" representing the integral over the range
from RAN(I-1) to RAN(I); recall I is the index of the DO 300 range loop. The piece
CRAN &I) 1 2JfRAN 2-1) - ,2) (r') dr' is approximated by the area of a rectangle having sides DR and G1(IM) (see Part

7 and Fig. 6). Thus it is programmed as Gi (IM) * DR. In the FORTRAN statement:

S 1(IM) = S 1(IM) + G1(IM) * DR,

S1 (IM) on the left-hand side represents f&AN(I) y(2) (r') dr'. On the right-hand side, S1 (IM) represents
the accumulated value of the integral for previous ranges, i.e., it contains the approximation for

XgAN(1-1) ),(2) (' r

Other variables handled in an identical manner to that of S1(TM) are: SE(IM), which represents
for= S ,, (r') dr'; S2(IM), which represents fory (3 c) (r') dr'; S3(IM), which represents

fnv,"3s) (r') dr'; SA(IM), which represents f0 a,, (r') dr'; ST(IM), which represents £6 to,. (r') dr';
and SB(IM), which represents r1,, (r') dr'.

Equations (10) and (11) for the transmission loss each contain the term e . Using Eqs. (18)
and (5), we have

An r = E4 -0y2) (r') dr' + e5 f0 tn(3c) (r') dr' + e6 f0 Yn 3s) (r')

+ f0o So,n (r') dr' + fJS Sln (r') dr' + f0 a, (r') dr' (20)

where we have inserted E4, E5 , and E6 in place of e2 , E3c, and E3s, respectively, as discussed in Part 2.
The term A,, r is programmed as QQ. We first encounter the definition

QQ=EP4* S 1(IM) + EP5* S2(IM) + EP6* S3(IM) + SA (IM),

which adds the first three terms and the last term on the right-hand side of Eq. (20). The remaining
two terms of Eq. (20) are added to QQ by the two FORTRAN statements following the defining state-
ment. The terms S0o, and Sl, may be expressed in terms of the scattering ratios r 0,,n and rln, respec-
tively; the relationship is given by Eqs. (13). The plane-wave reflection coefficients appearing there
may be evaluated in terms of the rms roughnesses of the boundaries. If we let Uo- (SIGO in the pro-
gram) be the rms wave height and a- I (SIGI in the program) be the rms excursion of the
water/sediment interface, then Eqs. (13) take the form [31:

SO'.= 2a-g I( e1(O) | - kn2 rO,,|

Sln= 2cr C (HI) J -kn ] 1 ln (21)

If the explicit expressions for F0,, and IF1, given in Ref. 1 are inserted into Eqs. (21), the result is that
of Ref. 3. The fourth term on the right-hand side in Eq. (20) may now be written

erk S 0,n (r') dr' = 2rf2 [|j '(°0)1J - k2_ (r')j Fo, (r') dr'
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The FORTRAN statement which includes this term in QQ is:

QQ = QQ + 2.0*ST (IM)*SIG 0*SIG 0* ((6.2831853*F/CTS)** 2 - WN (IM)*WN (TM)).

The inclusion of the water/sediment scattering term follows in a similar manner.

The term e n is programmed as Q2:

Q 2 = 1.0/EXP (QQ).

If Ar > 32.25 for any given mode n, the term Q2 will not be included in the modal sum of Eqs. (10)
and (11), and the program prints out a flag informing the user of this fact. The reason for neglecting
the term is as follows. Suppose that QQ > 32.25. Then Q2 < 10-14. The largest value that Q1 can
reasonably be expected to attain is of order 104; thus even for the largest value of Q1, Q will always be
less than 10-10 (see below for definitions of Q1 and Q). Such a small term will not make a significant
contribution to the modal sum appearing in Eqs. (10) and (11), thus it is neglected. What this means
physically is that at ranges for which Anr > 32.25, nearly all of the energy initially in the nth mode has
been removed by attenuation.

Also appearing in the modal sums of Eqs. (10) and (11) is the term u, (CO) un (a)/onI2. Except
for inclusion of a factor r1/2 in the numerator, this term is programmed as Q1: Q1 =

RE(J1,IM) * SM(J2,TM) * DSQRT(RAN(I)/SE(TM)). (See Part 9 for programming of the removal of
the factor r1/2 .)

The variable Q is defined as the product of Q1 and Q2. We have seen above that Q may be
neglected for a particular mode if it is smaller than 10-10. This, in turn, imposes a restriction on the
smallness of Q2 corresponding to the largest possible value of Ql. Alternatively, consider the largest
possible value of Q2, which is one. We may therefore restrict the absolute value of Q1 to be greater
than or equal to 10-10. The test for Q2 < 10-14, when fulfilled, will remove a given modal contribu-
tion for all source and receiver depths. The test for Q1 > 10-10 must be a function of mode-index,
source depth, and receiver depth. The corresponding FORTRAN statement thus appears within the
DO 220 source and receiver loops as well as within the DO 230 mode loop.

The inclusion of terms excluded by the two above-described tests would not invalidate the
transmission-loss calculations. One reason for having the tests is to save execution time. However, a
more important reason exists. The argument of the exponential function, QQ, may become quite large.
If no check is made, a fatal execution error may result, due to machine limitations on the size of the
argument of the EXP function. Similarly, Q2 may become very small in absolute value. This will
occur, for example, if either of the depths Co or C is such that the eigenfunction un (CO) or un (`) is very
close to a node (for a particular mode order n). The resulting calculation of Q1 might yield a number
smaller than 1 0 X, where x specifies the dynamic range of a real constant (a machine-dependent param-
eter). This would cause a fatal error. Such a problem has never been encountered in years of using
the program. On the other hand, numbers have been encountered which, when squared (as Eqs. (10)
and (11) require), would have caused an execution error due to their extreme smallness. The test on
Q1 eliminates the possibility of such errors.

After the definition of Q comes the FORTRAN statement QS(J1,J2) =QS(Jl,J2) +Q*
DSIN(SE(IM)). For each source depth and each receiver depth (for which these arrays are sub-
scripted), QS(J1,J2) will "accumulate" NMODE terms as the DO 230 loop is executed. After the loop
is finished, we have:

N U( (1)) , (4) rU 2 e-A r
QS (Jlj 2) - £ C eA, sin O,,.
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In a similar manner, we have:
Al U, (~O) U' 1)r~2

-

QC (J 1,J 2) = (4) r e A Cos 4),,

and

N U (W)Un,(0) -Anri2.22
PL (J 1,J 2,I) = [ e r. (22)

The array PL(J1,J2,I) will finally represent the incoherent transmission loss or transmission-loss ano-
maly (see Part 9). As presently defined by Eq. (22), however, it represents an intermediate result.
The multiplicative factor r has been introduced for numerical purposes and is to be removed in the final
calculation.

Part 9: Transmission Loss: II

The array COPL(J1,J2,I) is used for coherent loss calculations and is defined initially, for each
source and receiver depth (via the DO 270 loops), as the sum of the squares of QS(Ji,J2) and
QC(J1,J2):

COPL(J1,J2,I) = 12 " rlou( jen sin 4p1 r

[,IN, U QO) U'(/2,r o 

+ u 1(/o)2'(;) c r. (23)

The phase of the signal, as defined in the "THEORY" section, is coded next.

PHASE (J 1,J 2)=ATAN 2(QS (J 1,J 2),QC (J 1,J 2))* 57.295779513.

The multiplicative factor at the end converts the result of the arctangent function from radians to
degrees.

The program will calculate either the transmission loss (TL) or the transmission-loss anomaly
(TLA), which is the loss in addition to that caused by cylindrical spreading. The input parameter
ISPRD controls this choice. If ISPRD = 0, then the TLA is calculated. If ISPRD = 1, then the TL is
calculated. The relation between the two is: TL = 10 logl0 r + TLA. We shall discuss here only the
coherent and incoherent TL, which are given by Eqs. (10) and (11), respectively. The TLA is obtained
in a similar manner.

To get Eq. (10) from Eq. (23), we divide by the range r=RAN(I), the water depth at the receiver
H10, and the water depth at the source HS; we multiply by 27rp 2; and we take the base-10 log of the
result and multiply by (-10). The FORTRAN statement which does this therefore completes the
evaluation of Eq. (10) and stores the final result in the array COPL(J1,J2,I). To get Eq. (11) from
Eq. (22), we follow an identical procedure. The array PL(Jl,J2,I) contains the final result. In writing
Eqs. (10) and (11), the "normal" situation of a receiver in the water layer was assumed. In this case,
we have DEPRE(J1).LE.H10 fulfilled in the FORTRAN IF statement, and Eqs. (10) and (11) are pro-
grammed with P, given by RERHOL. As mentioned earlier, however, the program will accommodate a
receiver in the sediment. In this case, the program replaces p1 by P2, given in the FORTRAN by
RERHO2.
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Part 10: Printed Output

The calculated coherent transmission loss (modulus in decibels, phase in degrees) and incoherent
transmission loss (in decibels) are printed out as functions of range (DO 300), source depth (DO 290),
and receiver depth (DO 280). (When there is only one source and one receiver, the quantities are
functions of range only, and the output is on one line per range.)

Examples are given in the "OUTPUT" section.

Part 11: Plotted Output

Plotting of loss vs range is performed separately for each source depth and receiver depth. The
plots, which contain both coherent and incoherent loss, are executed in the following order, which is
important to note since the plots are unlabeled:

DO 340 loop for frequency
DO 330 loop for receiver depth
DO 330 loop for source depth
Plot Package

330 CALL ORIGIN (XLENG +2.5, 0.)
340 CONTINUE

INPUT DATA

Explanation of Data Deck and Notes to the User

There are three groups of data input statements. The first group, containing primarily data
needed for transmission-loss calculations, is read in once (in Part 1). (The various "Parts" of the pro-
gram are defined in the "Step-By-Step Analysis" section.) The second group, containing primarily
environmental data needed for modal calculations at the receiver site, is read in once for each fre-
quency (in Part 3). The third group is similar to the second and is read in (only for a range-dependent
calculation) NRBUF-1 times for each frequency (in Part 6). Each of the second and third groups may
differ from the others by any arbitrary combination of the environmental parameters, subject to the
constraint that the fluid-basement and solid-basement models may not both be used for a given track.
If NMFREQ is greater than one, the procedure of reading the second and third groups is repeated.

The spacing of the user-supplied environmental data profiles for the range-dependent model is
usually dictated by the bathymetry of the acoustic propagation path, and to a lesser degree, by changes
in the sound speed profile with range. Since water depth at a calculation range site is approximated by a
linear interpolation between the depths at two user-supplied profiles, the user should approximate the
known bathymetry by linear segments, supplying input data at the ranges where these segments meet.
Additional profiles may be supplied at other ranges in order to take account of the range-dependence of
other environmental parameters.

There is another reason for inserting extra profiles along the track. If the. number of modes which
the environment will support decreases rapidly with increasing range, as will be the case for a water
depth, Hi, which decreases rapidly, then the calculated loss may change discontinuously at an input
range where there are many fewer modes than at the previous input range. This is due to conservation
of mode-index, implemented in the program by excluding those higher order modes which are not
present at both of the input environments between which range-interpolations are to be carried out on
the eigenfunctions. Thus, for example, if three input profiles A, B, and C support 80, 50, and 20
modes, respectively, calculations at range points between A and B will use 50 modes, and those
between B and C will use 20 modes. At ranges greater than B, some of the (excluded) higher order
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modes may initially actually yield an important contribution which decreases rapidly thereafter. By
exclusion of all these modes starting at range B, a small discontinuity in the loss may be caused at range
B. The problem may be avoided, however, by supplying additional profiles, perhaps one between A
and B which supports approximately 65 modes and one between B and C which supports approximately
35 modes. (If the discontinuity is reduced, but not eliminated, more supplemental profiles may be
necessary.)

The above-described procedure will work if enough intermediate profiles are used; however, this
may substantially increase the execution time of the program. We shall briefly discuss another method
of circumventing the problem which is particularly suited to those tracks along which the deep sediment
structure is not important. Reference to Eq. (12) shows that the total number of modes which exists at
a given range is dependent, among other things, on H _ HI + H2 , and not on the water depth H 
alone. (It was tacitly assumed in the previous paragraph that H2 is nearly constant with range so the
change in the number of allowed modes was due to the decrease of H1 .) If deep sediment structure is
unimportant, the sediment thickness H2 may be assigned small values at the smaller ranges and large
values at the larger ranges, thereby keeping H and consequently the total number of modes nearly con-
stant with changing range. This procedure allows the higher order modes to accumulate large attenua-
tion coefficients before their contributions are dropped from the modal sum in Eq. (22).

In experiments the source depth sometimes changes at one or more points along the tow track.
The user of PROGRAM MOATL can incorporate source depth changes along the track by inserting the
appropriate IF statement(s) between CSNs 193 and 194:

IF(RAN(I).GT. ..... ) DEPSO(1) = ... (etc.).

In situations in which the water depth over part of the acoustic propagation path is less than the source
depth, the change of source depth is necessary since the program requires the source to be in the water
layer. This change is necessary even if the source was not towed over that part of the path in the
experiment whose results are to be modeled, since the program assumes that the source is towed from
the range origin in order to evaluate Eqs. (18), (19), and (20) accurately. We note for completeness
that for the range-dependent or range-independent model, the source depth may be changed at any
range for any other reason and all the loss calculations will be correct.

There are two other notable variations that the program will treat. First, although the program is
set up to model a three-layer half-space, a two-layer model may be practically realized when the base-
ment rock interfaces with the water (SOLID) or the sediment is so thick that deep sediment structure is
not important (FLUID). Such an example for the fluid basement is given in the "OUTPUT" section.
The second variation is that, although the code as programmed assumes the calculation ranges to be
equally spaced, minor code alterations will allow unequally spaced ranges. Details concerning each of
these two variations, along with additional information, may be found in the section "General
Remarks."

Listed below are the required input data. Each line (and an indented continuation) corresponds to
a single data card (or a single record of 80 characters if input is not by use of cards). If there is more
than one of each type of card, the variable specifying the number of cards is printed to the left and is
underlined. All of such cards appear together in the data deck. (By "NDSO + 8" it is meant, for exam-
ple, that if there are to be eleven source depths, there will be two data cards, eight values on the first
and three on the second.) The three input groups described in the first paragraph of this section are
separated by brackets. If there is more than one set of a group of cards, the variable specifying the
number of sets is printed to the left and is underlined. These sets are clustered in the data deck. The
FORMAT to be used for each card is specified in parentheses at the end of each line.
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TITLE(I) (20A4)

ISPRD,NMFREQ,NRBUF,NRCALC,RMAX,EP 1,EP2,

EP3,SIGO,SIG1 (4I5,F10.3,5F10.7)

NDSO,NDRE (215)

III (I5)

IPLOT,DBMIN,DBMAX,DY,DX (I5,2F10.3,2 F10.7)

NDSO÷8 -

NDRE÷8 -

DEPSO(I), 1-1,8 (8F10.3)

DEPRE(I), I-1,8 (8F10.3)

TITLE(I) (20A4)

F (F10.3)

MDPRNT,INC1,INC2,RHO1 ,RHO2,RHO3,HI 1 ,H2

(335,5F10.3)

EPSLN,COMP,SHEAR,RANGE1,LI 1,LI2,ND 1,ND2

(F10.8,3F10.3,4I5)

NDI -Zl(I),Cl(I) (2F10.3)

ND2 -Z2(I),C2(I) (2F10.3)

MDPRNT,INC1,INC2,RHO1,RHO2,RHO3,H12,H2

(3I5,5F10.3)

EPSLN,COMP,SHEAR,RANGE2,LI1,LI2,ND 1,ND2

(F10.8,3F10.3,4I5)

NDI -Zl(I),Cl(I) (2F10.3)

ND2 -Z2(I),C2(I) (2F10.3)
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Description of Input Data

We now describe the function and use of each of the input variables. They are arranged here in
the same order as they are read in by the program. For determining input values further information is
given in the previous section and the "General Remarks" section.

No specific units (m or km, for example) are required; however, it is necessary to see that the
units chosen are consistent for all the input variables. (The only two exceptions are the density of the
water, which must always be unity (see below), and DX (km/in.) and RMAX (i) when the plot pack-
age is desired.) We assume below the m-k-s system for convenience, which serves also as a useful
example.

TITLE(I) - An array containing any alphanumeric label (80 characters maximum).

ISPRD - If 0, the loss anomaly (no cylindrical spreading) will be calculated. If 1, the loss (cylindrical
spreading included) will be calculated. (See discussion in the section "Step-By-Step Analysis-
Part 9".)

NMFREQ -- The number of source frequencies (or alternatively, the number of different environmen-
tal cases for a given frequency) for which the calculations are desired. Should be set to unity
when unequally spaced calculation ranges are used.

NRBUF - The number of environmental data profiles to be input. If 1, the environment is range-
independent. If greater than 1, the environment is range-dependent.

NRCALC -- The number of range points at which loss calculations are desired (limited by PARAME-
TER statement). In general, these will be equally spaced out to the maximum range specified.
(See the "General Remarks" section for further discussion and limitations.)

RMAX - Maximum range (m) at which loss calculations are desired.

EP1 - Sediment layer plane-wave absorption coefficient (dB/Hz-m).

EP2 - Basement compressional plane-wave absorption coefficient (dB/Hz-m).

EP3 - Basement shear plane-wave absorption coefficient (dB/Hz-m). Set equal to 0 for a FLUID
model.

SIGO - The rms wave height (m) used for calculating attenuation due to air/water interface scattering.

SIG1 - The rms bottom roughness (m) used for calculating attenuation due to water/sediment inter-
face scattering.

NDSO - Number of source depths. (Limited by PARAMETER statement.)

NDRE - Number of receiver depths. (Limited by PARAMETER statement.)

III - If 0, a FLUID basement is assumed. If 1, a SOLID basement is assumed. (The type of base-
ment is fixed by III for the entire track.)

IPLOT - If 0, no plots are included in the output. If 1, plotting is executed.

DBMIN - Lower bound for transmission loss (dB) on the plotted graph's loss axis.
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DBMAX - Upper bound for transmission loss (dB) on the plotted graph's loss axis.

DY - Number of decibels per inch determining the scale of the plotted graph's loss axis.

DX - Determines the scale of the plotted graph's range axis. If the units used for range are meters,
DX should specify the number of kilometers per inch on the axis.

DEPSO(I) - An array storing the source depths (i). (Each of.these values must be < H1.)

DEPRE(I) - An array storing the receiver depths (m). (Each of these values must be 6 H1 + H2.)

TITLE(I) - Another arbitrary alphanumeric label (80 characters maximum).

F - Source frequency (Hz).

MDPRNT - If 0, none of the calculated mode-amplitude functions will be printed out. Otherwise,
they will be printed out in accordance with the following two inputs.

INCI - A variable containing a value one greater than the number of depth-increment values to be
skipped between printed-out values of the mode-amplitude functions, in the water layer. Note:
first determine LI1; then set INC1 to give the desired number of printed out values. As an
example, if LI1 = 300 and INCI = 6, then 50 values will be printed out.

INC2 - Same as INC1, but for the sediment layer. The number of output values is based on LI2.

RHOI - The variable RHOI = 1.0 always. It is the density to be used for water regardless of the units
used for the rest of the data.

RHO2 - Ratio of the density of the sediment layer to that of water.

RHO3 - Ratio of the density of the basement to that of water.

H11 - The thickness (i) of the water layer at the receiver.

H12 - The thickness (i) of the water layer at any nonzero range where the environmental data are
read in.

H2 - The thickness (i) of the sediment layer. (Same variable name used at all ranges.)

EPSLN - The variable EPSLN - 0.0001 always. It is the criterion for the accuracy of the calculated
eigenvalues (modal wave numbers), ie., the amount by which the air/water surface value of
the normalized eigenfunction may differ from the pressure-release boundary-condition require-
ment of being identically zero.

COMP - Compressional velocity (m/s) in the basement.

SHEAR - Shear velocity (m/s) in the basement for the SOLID model; it must exceed the minimum
sound speed found in the water and sediment layers. However, for the FLUID model, set
SHEAR = 0.

RANGE1 - The variable RANGE1 = 0 always. It is the receiver range, which is zero by defintion.

RANGE2 - The range (m) from the fixed receiver of the present environmental profile being read in.
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LI1 - The number of incremental steps into which the water layer is to be divided for the calculations.
(See "Notes" below.)

LI2 - The number of incremental steps into which the sediment layer is to be divided for the calcula-
tions. (See "Notes" below.)

Notes: The numbers of layers LI1 and L12 help to determine the accuracy of the eigenvalues and
mode-amplitude functions. The quantity LI1 should be set equal to about ten times the number of
modes expected; L12 should be set to yield approximately the same spacing. To estimate N, the
total number of modes, see Eq. (12). Dimensioning of arrays requires that N be less than or equal
to 150. In no event should either LI1 or L12 be less than four, nor should their sum exceed 1200.
They must each be even-valued to be consistent with the Simpson's rule integration method used
in the subroutines.

ND1 - The number of sound-speed profile depths to be read -in for the water layer (not to exceed
150).

ND2 - The number of sound-speed profile depths to be read in for the sediment layer (not to exceed
150).

Z1 (I), Cl(I) - The arrays for the depth (m) and sound speed (m/s), respectively, profile values of the
water layer.

Z2(I), C2(I) - The arrays for the depth (m) and sound speed (m/s), respectively, profile values of the
sediment layer.

Notes: The following conditions must be met: Z1(1) = 0; Z1(ND1) = Z2(1) = H11 (or H12, if
range r •f 0); Z2(ND2) = H11 + H2 (or H12 + H2). Since the program interpolates linearly for
sound speeds between those given, it is sufficient to supply only the two bounding depths when
there are three or more consecutive depth points having sound speed a linear function of depth.

For the user who knows only the type of material comprising the sediment, we include Table 2, as
a guide in determining input values. The density of a given sediment type is suitable for the input vari-
able RHO2 as given. The velocity ratio, when multiplied by the value of Cl(ND1), yields the value to
be used for C2(1). If the attenuation coefficient (dB/m-kHz) is to be used for EP1 (supplied in dB/m-
Hz), it must first be multiplied by 10-.

Table 2a - Sediment Layer Parameters
Sediment Density Porosity Velocity Atten. Coeff.

Type (g/cmi3 ) (%) Ratio (dB/m-kHz)

Coarse sand 2.034 38.6 1.201 0.47

Fine sand 1.957 44.8 1.147 0.51

Very fine sand 1.866 49.8 1.111 0.68

Silty sand 1.806 53.8 1.091 0.69

Sandy silt 1.787 52.5 1.088 0.76

Silt 1.767 54.2 1.062 0.68

Sand-silt-clay 1.583 67.2 1.033 0.11

Clayey silt 1.469 72.6 1.011 0.08

Silty clay 1.421 75.9 0.994 0.07

aCompiled by Anthony I. Eller and Frank Ingenito from data given in Refs. 9-
12 - private communication.
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OUTPUT

Most of the input variables are also printed out, via WRITE statements that follow the
corresponding READ statements in the code. This helps in error-checking and also serves to label the
printout uniquely. The first page of printed output contains all of the input variables of group one (the
three groups of input variables are discussed in the "INPUT DATA" section) except for the variable III.
The value of III is reflected, however, in the inclusion or omission (on the second printed page) of the
shear and Rayleigh velocities. Apart from the latter, which is a calculated quantity, the second page of
output contains only the values of variables of the second input group.

Beginning on the third page are the calculated modal properties of each of the normal modes sup-
ported by the environment given on the second page. The FORTRAN WRITE commands for this out-
put are located near the end of SUBROUTINE SOLID (or FLUID). For each mode, the mode-order
and phase velocity are first printed out. Also printed is the number of iterate solutions, i.e., the
number of times that SUBROUTINE HALFS (or HALFF) called SUBROUTINE ITRTS (or ITRTF) in
order to converge to the correct eigenvalue. Also printed on the same line is the number of times that
the eigenfunction had to be scaled down, according to the technique described in Appendix A. The last
two lines for a given mode contain, from left to right, the label and value for each of the following
quantities: the wave number (eigenvalue Q,) the water absorption a,, the sediment-layer attenuation
ratio y the basement compressional attenuation ratio y,?C), the basement shear attenuation ratio
yn, (included only for the solid-basement model), the air/water scattering attenuation ratio r0 ",,, and
the water/sediment scattering attenuation ratio r 1 ,,.

In addition to the modal output described in the last paragraph, there are several statements which
are conditionally printed for each mode. The statement "UPPER AMPLITUDES MATCHED FOR
THIS MODE STARTING AT NORMALIZED DEPTH = " will be printed out (along with the
appropriate value of the normalized depth zm) if the eigenfunction u,,(z) has been calculated for Z<Zm
according to the procedure described in Appendix A. The remaining conditional statements are
"LAYER 2 ATTEN RATIO = DEFAULT ZERO" and similar statements for the compressional and/or
shear attenuation ratios. These statements are printed out only if during their calculation they were
determined to be small enough to be set to zero.

After the modal parameters and flags have been printed out for each mode, and if MDPRNT =
1, the eigenfunctions are printed out. (If MDPRNT - 0, they are not printed out.) They are printed
out in columnar form, twelve to a page, with depth increasing down the page. (The first column con-
tains the values of the normalized depth for each line.)

If the problem is a range-dependent one, the second environment (i.e., the one at the first
nonzero input range) and the normal-mode parameters for it are next printed out in a format identical
to the first (receiver) environment.

Next to be printed out are the transmission loss calculations for the output ranges which fall
between the first and second environments. (For a range-independent problem, there is no second
environment, and all the transmission-loss calculations follow the output for the receiver environment.)
If there is a third input range, its environmental and modal parameters are printed next, followed by
loss calculations at output ranges between the second and third input ranges. This procedure is
repeated until the output ranges have been exhausted.

For those pages containing the calculated loss, the coherent transmission loss is printed on the left
sides of the pages; the incoherent transmission loss is printed on the right sides of the pages. The for-
mat for each is as follows. The calculations for each output range are grouped together. Following the
line on which the value of this range is printed is a "group" of output for each source depth, which is
also printed out. This "group" will be only one line if there are five or fewer receiver depths. (If there
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are between six and ten receiver depths, there will be two lines, etc.) Each line contains the
transmission loss for up to five values of the receiver depth. If there are fewer than an integral multi-
ple of five receiver depths, the line is "filled out" with indeterminate form data (i.e., a string of the
letter "I"). The procedure for filling variables with indeterminate form data prior to execution is
machine-dependent and is not described here. The transmission loss is not labeled with receiver depth,
but the depths are in order of decreasing depth, as printed out on the first page of output.

We now include, on the following pages, the computer output (described in general above) for
two dissimilar test cases. The differences, summarized in Table 3, illustrate many of the options avail-
able to the user.

Table 3 - Summary of Differences Between Test
Cases 1 and 2

Item Test Case 1 (for Fig. 2) Test Case 2

Type of model Range-independent environment Range-dependent environment

Type of environment 2-layer fluid-basement 3-layer solid-basement

Surface and No Yes
bottom scattering

No. of output 200 10
ranges

Plots Yes No

No. of source depths 1 2

No. of receiver depths 3 2

Receiver in the No Yes
sediment layer

Sound speed profile
in water and Isovelocity Depth-dependent
sediment layers

Frequency 20 Hz 100 Hz

No. of modes 6 19, 22, 24 (3 environments)

Eigenfunctions printed out Yes No

Note that test case 1 calls for plots of transmission loss. These plots have already been presented
as Fig. 2 (see the "THEORY' section). Note also that test case 1 asks for transmission-loss calculations
at 200 range points. We include only the first and last page of calculated results here. The 23 interven-
ing pages of output have been deleted.
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************s****************** TRANSMISSION LOSS **********************
TEST CASE NUMBER I (FOR FIG. 2)

NO. PROFILES NO. CALCULATION RAN(
1 200

IPLOT = 1

NUMBER OF FREQUENCIES =

GES MAXIMUM RANGE EPI
80000.000 0.0006800

D0RIN = 45.000 DOMAX = 115.000

EP2 EP3 SIGO SIGi
0.0006800 0.0000000 0.0000000 0.0000000

DY =14.0000000 DX =10.0000000

1 SOURCE DEPTH(S)
100.000

3 RECEIVER DEPTH(S)
70.000

200.000
400.000

00

z

z
u
07*



TEST CASE I PROFILE

MDPRNT =1 INCI = 2
EPSLN =0.00010000

INC2 = 1
RANGE = 0.000

RHiI =1.000 RHO2 =1.870
LIi =100 L12 = 6

COMPRESSIONAL VELOCITY
1666.000

SOUND SPEED PROFILE

DEPTH DEPTH VELOCITY

0.000 0.000 1500.000
1.000 520.000 1500.000

1.000 520.000 1666.000
1.019 530.000 1666.000

'.0

SOURCE FREQUENCY = 20.000

RHO3 =1.870 HI = 520.000
ND1 = 2 NOZ = 2

H2 = 10.000

z

p



MAXIMUM NUMBER OF MODES = 6

MODE NO. = I PHASE VELOCITY = 0.1503249805390 04
NUMBER OF ITERATE SOLUTIONS = 15 THE EIGENFUNCTION WAS SCALED

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.835946931061D-01 0.5540E-08 0.9142E-03

MODE NO. = 2 PHASE VELOCITY = 0.1513221910180 04
NUMBER OF ITERATE SOLUTIONS = 19 THE EIGENFUNCTION WAS SCALED

WAVE NUP8ER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.830438056033D-01 0.5548E-08 0.3250E-02

MODE NO. = 3 PHASE VELOCITY = 0.1530544066500 04
NUMBER OF ITERATE SOLUTIONS = 16 THE EIGENFUNCTION WAS SCALED

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.8Z1039451879D-01 0.5572E-08 0.6217E-02

0
MODE NO. = 4 PHASE VELOCITY = 0.1556192915740 04
NUMBER OF ITERATE SOLUTIONS = 14 THE EIGENFUNCTION WAS SCALED

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.807507249729D-01 0.5617E-08 0.9276E-02

MODE NO. = 5 PHASE VELOCITY = 0.159149118336D 04
NUMBER OF ITERATE SOLUTIONS = 14 THE EIGENFUNCTION WAS SCALED

WAVE NUM8ER WATER ABSORPTION LAYER 2 ATTE4 RATIO
0.789597249784D-01 0.5674E-08 0.1232E-01

MODE NO. = 6 PHASE VELOCITY = 0.1637951162200 04
NUMBER OF ITERATE SOLUTIONS = 14 THE EIGENFUNCTION WAS SCALED

HAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.767200567659D-01 0.5658E-08 0.1552E-01

NUMBER OF MODES CALCULATED = 6

DOWN 0 TIME(S)
LAYER 3 ATTEN RATIO AIR/H20 SCATTER

0.8659E-03 0.5789E-04

DOWN 0 TIME(S)
LAYER 3 ATTEN RATIO AIR/H20 SCATTER

0.3240E-02 0.1183E-03

DOWN 0 TIME(S)
LAYER 3 ATTEN RATIO AIRXH20 SCATTER

0.6812E-02 0.1827E-03

DOWN 0 TIME(S)
LAYER 3 ATTEN RATIO AIR/H20 SCATTER

0.1189E-01 0.2518E-03

DOWN 0 TIME(S)
LAYER 3 ATTEN RATIO AIR/H20 SCATTER

0.2069E-01 0.3254E-03

DOWN 0 TIME(S)
LAYER 3 ATTEN RATIO AIR/H20 SCATTER

0.4796E-01 0.3977E-03

H20/2ND SCATTER
0.5784E-04

H20/2ND SCATTER
0.1179E-03

H20/2ND SCATTER
0.1815E-03

H20/2ND SCATTER
0.2492E-03

H20/2ND SCATTER
0.3206E-03

H20/2ND SCATTER
0.3896E-03



MODE AMPLITUDES FOR THE SOURCE FREQUENCY OF 20.000 HZ.

FIRST LAYER

IMBDE 2MODE 3tIDE OMODE SWIDE WInDE
DEPTH AMPLITUDE AMPLITUDE AMPLITUDE AMPLITUDE AMPLITUDE AMPLITUDE

0.0000 -0.0000 -0.0000 -0.0000 0.0000 -0.0000 0.0000
0.0200 0.0774 -0.1557 0.2353 -0.3152 0.3939 -0.4662
0.0400 0.1545 -0.3094 0.4635 -0.6135 0.7546 -0.8758
0.0600 0.2311 -0.4590 0.6779 -0.8789 1.0518 -1.1793
0.0800 0.3069 -0.6026 0.8720 -1.0972 1.2605 -1.33q7
0.1000 0.3817 -0.7382 1.0400 -1.2567 1.3630 -1.3370
0.1200 0.4553 -0.8640 1.1769 -1.3489 1.3509 -1.1737
0.1400 0.5274 -0.9785 1.2785 -1.3688 1.2250 -0.8673
0.1600 0.5978 -1.0801 1.3420 -1.3153 0.9960 -0.4557
0.1800 0.6662 -1.1674 1.3652 -1.1913 0.6832 0.0111
0.2000 0.7324 -1.2393 1.3476 -1.0035 0.3129 0.4766
0.2200 0.7962 -1.2948 1.2897 -0.7619 -0.0838 0.8843
0.2400 0.8574 -1.3333 1.1932 -0.4795 -0.4734 1.1848
0.2600 0.9158 -1.3542 1.0610 -0.1714 -0.8232 1.3416
0.2800 0.9712 -1.3572 0.8971 0.1459 -1.1036 1.3358
0.3000 1.0234 -1.3423 0.7063 0.4554 -1.2912 1.1680
0.3200 1.0723 -1.3097 0.4944 0.7405 -1.3701 0.8587 z
0.3400 1.1177 -1.2598 0.2677 0.9859 -1.3337 0.4452
0.3600 1.1593 -1.1933 0.0329 1.1784 -1.1850 -0.0223
0.3800 1.1972 -1.1111 -0.2028 1.3078 -0.9366 -0.4870
0.4000 1.2312 -1.0142 -0.4324 1.3672 -0.6093 -0.8927
0.4200 1.2611 -0.9039 -0.6491 1.3532 -0.2307 -1.1902 0
0.4400, 1.2869 -0.7817 -0.8464 1.2668 0.1672 -1.3433
0.4600 1.3085 -0.6492 -1.0184 1.1124 0.5511 -1.3337
0.4800 1.3257 -0.5081 -1.1598 0.8984 0.8886 -1.1623 x
0.5000 1.3387 -0.3603 -1.2666 0.6363 1.1514 -0.8500
0.5200 1.3472 -0.2077 -1.3355 0.3401 1.3172 -0.4347
0.5400 1.3514 -0.0525 -1.3644 0.0257 1.3721 0.0334
0.5600 1.3511 0.1035 -1.3525 -0.2902 1.3115 0.4974
0.5800 1.3463 0.2581 -1.3002 -0.5904 1.1406 0.9011
0.6000 1.3372 0.4093 -1.2089 -0.8590 0.8736 1.1955
0.6200 1.323T 0.5551 -1.0814 -1.0816 0.5331 1.3450
0.6400 1.3058 0.6936 -0.9216 -1.2463 0.1477 1.3315
0.6600 1.2837 0.8229 -0.7343 -1.3441 -0.2501 1.1565
0.6800 1.2573 0.9414 -0.5249 -1.3699 -0.6268 0.8413
0.7000 1.2269 1.0474 -0.2999 -1.3223 -0.9508 0.4241
0.7200 1.1924 1.1397 -0.0658 -1.2038 -1.1948 -0.0445
0.7400 1.1540 1.2169 0.1702 -1.0208 -1.3382 -0.5077
0.7600 1.1118 1.2780 0.4011 -0.7831 -1.3689 -0.9094
0.7800 1.0660 1.3223 0.6200 -0.5035 -1.2844 -1.2008
0.8000 1.0167 1.3491 0.8203 -0.1968 -1.0919 -1.3466
0.8200 0.9640 1.3582 0.9961 0.1204 -0.8074 -1.3292
0.8400 0.9082 1.3493 1.1421 0.4311 -0.4549 -1.1506
0.8600 0.8494 1.3226 1.2540 0.7187 -0.0642 -0.8325
0.8800 0.7878 1.2785 1.3283 0.9679 0.3320 -0.4135
0.9000 0.7237 1.2175 1.3628 1.1651 0.7002 0.0556
0.9200 0.6572 1.1404 1.3566 1.2999 1.0094 0.5180
0.9400 0.5885 1.0483 1.3098 1.3651 1.2337 0.9176
0.9600 0.5179 0.9424 1.2238 1.3571 1.3542 1.2060
0.9800 0.4456 0.8240 1.1012 1.2763 1.3607 1.3481
1.0000 0.3718 0.6947 0.9457 1.1272 1.2526 1.3268



MODE AMPLITUDES FOR THE SOURCE FREQUENCY OF 20.000 HZ.

SECOND LAYER

IMODE 2MODE 3MODE 4MeDE SMODE 6M4ODF
DFPTH AMPLITUDE AMPLITUDE AMPLITUDE AMPLITUDE AMPLITUDE AMPLITUDE

1.0000 0.1988 0.3715 0.5057 0.6028 0.6698 0.7095 m
1.0032 0.1872 0.3506 0.4791 0.5745 0.6443 0.6931
1.0064 0.1763 0.3309 0.4539 0.5476 0.6197 0.6771
1.0096 0.1660 0.3123 0.4300 0.5219 0.5960 0.6615 Z
1.0128 0.1564 0.2947 0.4074 0.4974 0.5733 0.6462
1.0160 0.1473 0.2782 0.3860 0.4741 0.5514 0.6313
1.0192 0.1387 0.2625 0.3657 0.4518 0.5304 0.6167 0

r7
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TRANSMISSION LOSS ******************************
TEST CASF NUMBER 2

NUMBER OF FREQUENCIES = 1

N'¶. PQFrILES NO. CALCULATICN RANGES MAXIMUM RANGE EPi EP2 EP3 SIGO SIGI
3 10 50000.000 0.0005100 0.0000500 0.0000550 0.3000000 0.1000000

IPLOT = 0 DBMIN = 0.000 DBMAX = 0.000 DY = 0.0000000 DX = 0.0000000
10

00

t'J
So2 SOURCE DEPTH(S)

70. 0 00
140.000

2 RECEIVER CEPTH(S)
140.000
160.000



TEST CASE ' PRIFILFS

MDPRNT =0 INCI = 0
EPSLN =0.00010000

INC2 = 0 RhOl =1.000 RHO2 =1.957
VANGF = 0.000 L1T =250 LI2 = 90

COMPRESSIeNAL VELOCITY SHEAR VELVCITY
3800.000 2194.000

SOURCE FREQUENCY = 100.000

RHO3 =2.500 H1 = 150.000
NDI = 5 N02 = 2

RAYLEIGH VELOCITY
2017.159

SOUND SPEED PROFILE

DEPTH DEPTH VELOCITY

0.0 00
0.123
0.333
0.560
1.000

1.0 00
1.333

0.000
18.5 0 0
5 0.0 00
84.00 0
150.00 0

150.00 0
200.000

1500.000
15 00.000
1489. 000
1 486. 000
1486.000

1705. 000
1730.000

H2 = 50.000

z

0



MAXIMUM NUMBER OF MODES = 19 NUMBER OF MODES CALCULATED

MODE NO. = 1 PHASE VFLICITY = 0.1488643396860 04
NUMBER CF-ITERATE SOLUTIONS = 19 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVF NUMEER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.4220745761170 00 0.1373E-06 0.9013E-03 0.2063E-09 0.2227E-09

MODE NO. = 2 PHASE VELOCITY = 0.1495426882260 04
NUMBE 'F ITEPATE SILUTIONS = 21 THE EIGENFUNCTION WAS SCALED DOWN 0 TIMEtS)

WAVF NUME'R WATER ABSORPTION LAYER 2 ATTFN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.4201599811870 00 0.1376E-06 0.2491E-02 0.1591E-08 0.1731E-08

MODE NO. = 3 PHASE VFLOCITY = 0.150481755142D 04
NUMBER OF ITERATE SOLUTIONS = 16 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIC SHEAR ATTEN RATIO
0.417538013249D 00 0.138OE-06 0.4186E-02 0.2300E-07 0.2531E-07

MODE NC. = 4 PHASE VELOCITY = 0.151191529830D 04
NUMBER OF ITERATE SOLUTIONS = 22 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER WATER ARSIRPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIt
0.415577864332C 00 0.4106E-13 0.5248E 00 0.4597E 00 0.5104E 00

MODE NO. = 5 PHASE VELOCITY = 0.151713428349D 04
NUMBER OF iTERATE SCLUTTONS = 22 - THE EIGENFUNCTTON WAS SCALED DOWN 0 TIME(S)

WAV' NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.414148264629D 00 0.13q8E-06 0.6119E-02 0.1149E-06 0.1284E-06

MODE NO. = 6 PHASE VELOCITY - 0.153295253623D 04
NUMBER OF ITERATE SOLUTIONS = 16 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVV NUMBFR WATFR ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.409874745543D 00 0.1399F-06 0.96530-02 0.2212E-07 0.2520E-07

= 19

AIR/H20 SCATTER
O.OOOOE 00

AIR/H20 SCATTER
O.OOOOE 00

AIR/H20 SCATTER
0.3662E-03

AIR/H2O SCATTER
0.1494F-09

AIR/H20 SCATTER
0.5684E-03

AIR/H20 SCATTER
0. 7724E-03

H20/2ND SCATTER
0.2290E-03

H20/2ND SCATTER
0. 3639E-0 3

H20/2ND SCATTER
0.4769E-03

H20/2ND SCATTER
0.1745E-09

H20/2ND SCATTER
0.6012E-03

H20/2ND SCATTER
0.76T9E-03

z

0

C

40

SOj



FODE NC. = 7 PHASE VELOCITY = 0.155338247311D 04
NUMBER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTION WAS SCALFD DOWN 0 TIME(S)

WAVE NUMBER iATER ARSffRPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.404484112314C 00 0.1413E-06 0.1159E-01 0.2145E-07 0.2510E-07

MODE NO. = 8 PHASE VELeCITY = 0.157871738272D 04
NUMBER OF ITERATE SCLUTIONS = 16 THE EIGENFUNCTION WAS SCALED DOWN 0 TTME(S)
WAVE NU4B'R WATER ABSORPTION LAYFR 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO

0.39799304C170D 00 0.1431F-06 0.1508E-01 0.3969E-07 0.4808E-07

MODF NO. = 9 PHASE VELOCITY = 0.160967207889D 04
NUMBER OF ITERATE SOLUTIONS = 22 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER wATER ABSORPTION LAYFR 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.390339460415D 00 0.1452F-06 0.1990E-01 0.1267E-06 0.1605E-06

MODE NO. ' 10 PHASE VFLOCITY = 0.1647158367080 04
NUMBER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHFAR ATTEN RATIO
0.3814560538170 00 0.1473E-06 0.2824E-01 0.7730E-06 0.1037E-05

MODE NO. = 11 PHASE VELOCITY = 0.169191719732D 04
NUMRE2 'F ITERATE SmLUTIONS = 20 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVF NUMBER NATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.371364823122D 00 0.1477E-06 0.5220E-01 0.1319E-04 0.1909E-04

MODE NO. = 12 PHASE VFLOCITY = 0.173841860001D 04
NUMBER OF ITERATE SOLUTIONS = 24 THE EI5ENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NLMeeR WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.36143109C713D 00 0.7369E-07 0.5441E 00 0.2276E-02 0.3593E-02

AIR/H2O SCATTER
0.9515E-03

AIRIH20 SCATTER
0.1142E-02

AIq/H20 SCATTER
0.1329E-02

AIR/H20 SCATTER
0.1518E-02

AIR/H20 SCATTER
0.1706E-02

AIR/H20 SCATTER
0.9403E-03

H120/2ND SCATTER
0.9439E-03

H20/2ND SCATTER
0.1123E-02

H20/2ND SCATTER
0.1313E-02

H20/2ND SCATTER
0.1513E-02

H20/2ND SCATTER
0.1691E-02

H20/2ND SCATTER
0.9311E-03

r,z
0

0



MAXIMUM NUMBER OF MODES = 19 NUMBER OF MODES CALCULATED = 19

MODE NO. = 13 PHASE V'LNCITY = 0.1754299187400 04
NUMBER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTTON WAS SCALED DOWN 0 TIMF(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO AIR/H20 SCATTER
0.35815q278206D 00 0.8749:-OT 0.4624E 00 0.4032E-02 0.6572E-02 0.1120E-02

MODE NO. - 14 PHASE VELOCITY = 0.1808707357800 04
NUMBER OF ITERATE SeLUTIONS = 20 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMEER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO AIR/H20 SCATTER
0.3473854009640 00 0.1223F-06 0.2721E 00 0.4694E-02 0.8627F-02 0.1714E-02

MODE NO. = 15 PHASE VELOCITY = 0.184374453005D 04
NUMBER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO AIR/H20 SCATTER
0.340783942936D 00 0.6121E-07 0.6530E 00 0.1613E-01 0.3233E-01 0.8780E-03

MODE NC. = 16 PHASE VELOCITY = 0.1902172688020 04
NUMBER OF ITERATE SOLUTIONS = 13 THE EIGENFUNCTION WAS SCALED DOWN 0 TTME(S)

WAVr NUYB'R WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO AIR/H20 SCATTER
0.330316240305D 00 0.1476E-06 0.1609E 00 0.5296E-02 0.1255E-01 0.2261E-02

MODE NC. = 17 PHASE VELOCITY = 0.1981328131000 04
NUMBER OF ITERATE SOLUTIONS = 16 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUmBPR WATFR ABSIRPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO AIR/H20 SCATTER
0.317119875747C 00 0.9855E-07 0.4632E 00 0.1791E-01 0.5665E-01 0.1626E-02

MODE NC. = 18 PHASE VELOCITY = 0.2034538944770 04
NUMBER OF ITERATE SOLUTTCNS = 16 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVF NUMB=R WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO AIR/H20 SCATTER
0.3088260037250 00 0.1079E-06 0.4093E 00 0.1822E-01 0.7451E-01 0.1800E-02

H20/2ND SCATTER
0.1109E-02

H20/2ND SCATTER
0.1694E-02

H20/2ND SCATTER
0.8616E-03

120/2ND SCATTER
0.2224E-02

H20/2ND SCATTER
0.1589E-02

H20/2ND SCATTER
0.1759E-02

0
00
-p

~o
k)



MODF NO. = 19 PHASE VELOCITY = 0.2140168491350 04
NUMqER OF ITERATE SYLUTIONS = 14 THE EIGENFUNCTION WAS

WAVE NLtbER WATER ABSORPTION LAYFR 2 ATFFN RATIO
0.2935836749570 00 0.1515E-06 0.1965E 00

0n
SCALED DOWN 0 TIME(S)

COMP ATTEN RATIO SHEAR ATTEN RATIO
0.7030E-02 0.7001E-01

AIR/H20 SCATTER
0.2706F-02

H20/2ND SCATTER
0.2648E-02

rrl

z
0

r-f



INC2 = 0 RH10 =1.000 RH02 =1.957
RANGE = 18000.000 LIl =250 L12 = 90

CIMPRESSI(INAL VELOCITY SHEAR VELOCITY
3800.000 2194.000

MnPRNT =0 INC1 = 0
EPSLN =0.00010000

RH03 =2.500 HI = 180.000
NDI = 6 ND2 = 2

RAYLEIGH VELOCITY
2017.159

SOUND SPEED PROFILE

DEPTH DEPTH VELOCITY

0.000 0.000 1500.000
0.103 18.500 1500.000
0.278 50.000 1489.000
0.467 84.000 1486.000
0.833 150.000 1482.000
1.000 180.000 1482.000

1.000 180.000 1700.000
1.278 230.000 1725.000

H2 = 50.000

0

00

4SO



MAXIMUM NUMBER OF MODES = 22 NUMBER RF MODES CALCULATED

MODE NO. I I PHASE VELOCITY = 0.148559946491D 04
NUMBER OF ITERATE SCLUTIONS = 19 THE EIGENFUNCTION WAS SCALED DOWN 0 TIMF(S)
WAVF NUMe=R WAThR ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO

0.422939389491D 00 0.1373f-06 0.llSOE-02 0.2411E-09 0.2593E-09

MODF Nt4. = 2 PwASE VELOCITY = 0.149099607821D 04
NUMBER OF ITERATE SOLUTIONS = 19 THE EIGENFUNCTION WAS SCALED DOWN 0 TIMF(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATI1 SHFAR ATTEN RATIO
0.4214085737050 00 0.1375E-06 0.1773E-02 0.8039E-09 0.8703E-09

MODE NO. = 3 PHASE VELOCITY = 0.149793828530D 04
NUMBER OF ITERATE SALUTIONS = 20 THE EIGENFUNCTION WAS SCALED DOWN 0 TTMECS)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.419455552265D 00 0.1378E-06 0.2888E-02 0.4629E-08 0.5053E-08

MODE NO. = 4 PHASE VELOCITY = 0.150687063359D 04
NUMBER OF ITERATE SOLUTIONS = 20 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAV' NUMOCR WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.4169691?57590 00 0.13P4E-06 0.4178E-02 0.1639E-06 0.1809F-06

MODE NO. = 5 PHASE VFLICITY = 0.1509893103140 04
NUMBER OF ITERATE SOLUTIONS = 19 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.416134446480C 00 0.7623F-13 0.5286E 00 0.4576E 00 0.5068E 00

MODE NO. = 6 PHASE VELOCITY = 0.151790527314D 04
NUMBER IF ITERATE SILUTI1NS = 16 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.413937906294D 00 0.1391E-06 0.5607E-02 0.5452E-07 0.6097F-07

= 19

iIR/H20 SCATTER
O.OOOOE 00

AIR/H20 SCATTER
O.OOOOF 00

AIR/H20 SCATTER
O.OOOOE 00

AIR/H20 SCATTER
0 .3402 E-03

AIRfH120 SCATTER
0.2202E-09

AIR/H20 SCATTER
0.5059E-03

H20/2ND SCATTER
0.2534E-03

H20/2kD SCATTER
0. 2637E-03

H20/2ND SCATTER
0.3475E-03

H20/2ND SCATTER
0 .4369E-03

H2O/2ND SCATTER
0.2648E-09

H20/2ND SCATTER
0.5309E-03

z
0
*0



MODF NO. = 7 PHASE VFLOCITY = 0.153154684380D 04
NUMBER OF ITERATE S-LUTIONS = 16 THE EIGENFUNCTION WAS

WAVE NL~eER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.410250938951D 00 0.1401E-06 0.7411E-02

MODE NC. = 8 PHASE VELOCITY = 0.1548421069700 04
NUMBER OF ITERATE SOLUTIONS = 20 THE EIGENFUNCTION WAS

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.405780147928C 00 0.1414E-06 0.9463E-02

MODE N1. = 9 P"ASE VEL'CITY = 0.156872486418D 04
NUMBER OF ITERATE SCLUTTONS = 1T THE EIGENFUNCTION WAS

WAVF NUMBFR WATER ABSORPTION LAYER 2 ATTEN RATIO
0.400528190166D 00 0.1429E-06 0.1178E-01

MODF NO. = 1O PHASE VELOCITY= 0.159278062674D 04
NUMBER OF ITERATE SOLUTIONS = 20 THE EIGENFUNCTION WAS

WAVE NLOOFR WATER ABSORPTTON L1YER 2 ATTEN RATIO
0.394479013726D 00 0.1446E-06 0.1476F-01

MODE NC. = 11 PHASE VELOCITY = 0.162109680744D 04
NUMBER OF ITERATE SOLUTIONS = 22 THE EIGENFUNCTION WAS

WAVE NUMBeR WATFR ABSIRPTION LAYER 2 ATTEN RATIO
0.397588531316C OQ 0.1466E-06 0.1906E-01

MODE NO. 12 PHASE VELICITY = 0.165422945054D 04
NUMBER OF ITERATE SOLUTTONS = 19 THE EIGENFUNCTION WAS

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.379825501542D OQ 0.1484F-06 0.2669E-01

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.1966E-07 0.2237E-07

SCALFD DOWN 0 TIME(S)
CIMP ATTEN RATIO SHEAR ATTEN RATIO

0.1875E-07 0.2180F-07

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.2862E-07 0.3419E-07

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.6443E-07 0.7962E-07

SCALED DOWN 0 TIME(S)
CIMP ATTEN RATIO SHEAR ATTEN RATIO

0.2186E-06 0.2816E-06

SCALED DOWN 0 TIMF(S)
CIMP ATTEN RATIO SHEAR ATTEN RATIO

0.1253E-05 0.1701E-05

AIR/H20 SCATTER
0.6530E-03

AIR/H20 SCATTER
0.7778E-03

AIR/H20 SCATTER
0.9127E-03

AIR/H20 SCATTER
0.1047E-02

AIR/H20 SCATTER
0.1177E-02

AIR/H26 SCATTER
0.1314E-02

H20/2ND SCATTER
0.6494E-03

H20/2ND SCATTER
0.7736E-03

H20/2ND SCATTER
0.8964E-03

H20/2ND SCATTER
0.1027E-02

H20/2ND SCATTER
0.1165E-02

H2012ND SCATTER
0.1305E-02

z

~o

co
k)'.



MAXIMUM NUMBER OF MODES = 22 NUMBER OF MODES CALCULATED - 19

MODE NO. = 13 PHASE VELOCITY = 0.169256159484D 04
NUMBER OF ITERATE SOLUTIONS = 22 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAV: NUMB'R WATrR ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.371223435905D 00 0.1484E-06 0.4923F-01 0.IT16E-04 0.2486E-04

MODE NC. = 14 PHASE VELOCITY = 0.173226970641D 04
NUMBER OF ITERATE SOLUTIONS = 20 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMRWR WATER ARSORPTIVN LAYFR 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.362714032573C 00 0.8935E-07 0.4443E 00 0.1765E-02 0.2753E-02

MODE NO. = 15 PHASE VEL!CITY = 0.174659530226D 04
NUMBER OF ITERATE SOLUTTONS = 20 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.3597390476810 00 0.750AE-07 0.5384F 00 0.4315E-02 0.6924E-02

MODE NO. = 16 PHASE VELOCITY = 0.179063933876D 04
NUMRER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTION WAS SCALED DOWN 0 TTME(S)

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.350890610474D 00 0.1394E-06 0.1592E 00 0.2474E-02 0.4360E-02

MODE NO. = 17 PHASE VELOCITY = 0.182949463375D 04
NUMBER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVF NUMBPR WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR AlTEN RATIO
0.343438302101D 00 0.6070E-07 0.6546E 00 0.1492E-01 0.2885E-01

AIR/H20 SCATTER
0.1444E-02

AIR/H20 SCATTER
0.9460E-03

AIR/H20 SCATTER
0 .7982E-03

AIR/H20 SCATTER
0.1599E-02

AIR/H20 SCATTER
0.7316E-03

H20/2ND SCATTER
0 .1427E-02

H20/2ND SCATTER
0.9318E-03

H20/2ND SCATTER
0.7854E-03

H20/2ND SCATTER
0. 1573E-02

H20/2ND SCATTER
0.711SE-03

MODF N3. = 18 PHASE VELOCITY = o.1R6556641550C 04
NUMBER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUtBFR WATcR ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.336797728292C 00 0.1357E-06 0.2156E 00 0.6543E-02 0.1392E-0O

AIR/H20 SCATTER H20/2ND SCATTER
0.1681E-02 0.1645E-02

z

0



MODF NO. = 19 PHASE VELOCITY = 0.193268729610D 04
NUMBER OF ITERATE SALUTTONS = 15 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)
WAVF NUMBER WATER AISORPTION LAYER 2 AlIEN RATIO COMP ATTEN RATIO SHEAR AlTEN RATIO

0.325100978304D 00 0.1480E-06 0.1718E 00 0.6065E-02 0.1591E-01
AIR/H20 SCATTER

0.1966E-02

z

0

00

t'3
co

H20/2ND SCATTER
0.1917E-02



COHERENT TRANSMISSTON LOSS
(LOSS IN OS, VHASF IN DEGREES)

INCOHERENT TRANSMISSION LOSS
LOSS IN 0B

RANGE(M) - 5000.0

SCURCP DEPTH(m) = 70.000
( 59.181 352.366) C 77.91/ 283.863) (IIIII17IIIIIIII) (IIIII/IIIIIIII) (IIIIIIZIIIIIIII)

SOURCE DEPTH(M) = 140.000
( 61.'5/ 175.467) ( 7R.42/ 183.384) (IIIITI/IIIIIIII (IIIlmI/IIIIIIII) (IIII/IIIlIIII)

RANGE(M) = 10000.0
EXPONFNTIAL (TI-US CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MnDE NO. 15

SOURCE DEPTH(M) = 70.000
65. 50f ?77.299) ( 84.651 267.595) (IIIIIIfIITIIITI) (IIi Iiri (IITITI/IIITIIII)

SOURCE DEPTH(m) = 140.000
( 64.15/ 102.153) ( 79.51/ 114.290) (IIIIIIIIIII) (IIIIII/III II) (IIIIIITIIIIIII)

RANGE(M) = 15000.0
EXPOKENTIAL (THUS CONTRTBUTION AT ALL SOURCE/RECEIVER DEPTHS) SFT TO ZERO FOR MODE NO. 4
EXPONFNTIAL (ThUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO F!R MODE NO. 15
EXP7NrNTIAL (THUS C~NTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SFT Ti ZERO FOR MODF No. 17

SOURCE DEPTH(M) = 70.000
( 67.10/ 293.924) ( 84.69/ 319.461) (IIIIIIZIIIIIIIT) (IIIIIIZIIIIIIII) (IIIIII/IIIIIIII)
SOURCE DEPTH(M) = 140.000
( 76.06Z 136.311) ( 98.88/ 195.953) (IrIII/IIIIIIII) CIIIIIIZIIIIIIII) (IIIIIIZIIIIIIII)

RANGE(M) = 20000.0
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 4
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET To ZERO FOR MODE NO. 5
EXPONtNTIAL (THUS CONTRIBIJTION AT ALL SOURCE/RECEIVER DEPTHS) SET TM ZERO FOR MIDE NO. 14
EXPONEkTIAL (THUS CONTRIBUTTON AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 15
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 17
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER D'PTHS) SET TO ZERO FOR MODE No. 18

SOURCE DEPTH(P) = 70.000
( TI.591 94.362) ( 97.97Z 131.717) (ilirrIZrIxIrirI) (IIirifiniIrlin (IlIIrltIIIrtIII)
SOURCE DEPIH(P) = 140.000
( 78.917 80.528) ( 91.02/ 106.087) ( IIIIIIIIIIITIIII) (IIIIII/IIIIIIII)

RANGE(M) = 5000.0

SOURCE DEPTH(M) = 70.000
63.09 T6.47 IIIIII 111111 111III

SOURCr DEPTH(M) = 140.000
61.96 75.35 IIIIII 11IIII IIIIII

RANGE(M) = 10000.0

S7URCF DEPTH(M) = 70.000
66.98 83.51 IIIIII IIIIII IIIIII

SOURCE DEPTH(M) = 140.000
66.07 82.85 IIIIII I11111T 11III

RANGE(M) = 15000.0

SOURCE DEPTH(M) = 70.000
69.14 87.82 IIIIII 111111 IIIIII

SOURCE DEPTH(M) = 140.000
69.09 87.86 IIIIII IIIIII IIIIII

RANGE(M) = 20000.0

SOURCE DEPTH(M) = 70.000
70.74 90.55 111111 1111 III II

SOURCE DEPTH(M) = 140.000
72.04 91.48 IIIIII IIIIII IIIIII

4P2



INC2 = 0 RHO1 =1.000 RHO2 =1.957
RANGF = 50000.000 LII =250 LI2 = 90

COMPRESSIONAL VELOCITY SHEAR VELOCITY
3800.000 2194.000

RH13 =2.500 HI = 200.000
ND1 = 6 ND2 = 2

RAYLEIGH VELOCITY
2017.159

SOUND SPEED PROFILE

DEPTH DEPTH VELOCITY

0.000 0.000 1502.000
0.120 24.000 1500.000
0.325 65.000 1490.000
0.525 105.000 1488.000
0.750 150.000 1486.010
1.000 200.000 1486.000

1.000 200.000 1705.000
1.250 250.000 1730.000

MDPRNT =O INCI = 0
EPSLN =0.00010000

H2 = 50.000

PO

0

\0



MAXIMUM NUMBER OF MODES = 24 NUMBER OF MODES CALCULATED

MODE Ne. = I PHASE VELOCITY = 0.1488434R4060D 04
NUMBEP OF ITERATE StLUTIONS = 21 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVr NUMB'R wATER AISORPTION LAYFR 2 ATTEN RATIO C1MP ATTEN RATIO SHEAR ATTEN RATIO
0.422133716790C Or 0.1373E-06 0.7149F-03 0.1591E-09 0.1717E-09

MtDE N%. = 2 PHASE VELOCITY = 0.149293230588D 04
NUMBEP OF ITERATE SOLUTTONS = 17 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUMBER WATER ABScRPTrIN LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.4208620365720 00 0.1375F-06 0.1324F-02 0.5637E-09 0.6116E-09

MODE NO. = 3 PHASE VELOCITY = 0.1498823890860 04
NUMRFQ RF ITEQATE SFLUTIONS = 18 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NUBEFR hATER ABSORPTION LAYER 2 ATTEN RATIO CCMP ATTEN RATIO SHEAR ATTEN RATIO
0.4192077098250 00 0.137BE-06 0.2292E-02 0.2748E-08 0.3003E-08

MODE NC. = 4 PHASE VFLOCTTY = 0.1506149706180 04
NUMBER OF ITERATE SOLUTIONS = 27 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NURB'4R WATER ABSSORPTION LAYER 2 ATTFN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.417168710480C 00 0.1382E-06 0.3174E-02 0.2825E-07 0.3114F-07

MODE NO. = 5 PHASE VELOCITY = 0.151191529009D 04
NUMBER OF ITERATE SOLUTIONS = 19 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)
WAVE NUMBeFR WATER ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO

0.415577866589D 00 0.7287F-13 0.5248E 00 0.4597E 00 0.5104E 00

MODE NO. = 6 PHASE VELOCITY = 0.151497029460D 04
NUMIER RE ITERATE SLLUTTONS = 22 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVE NLPBFR WATER ABSORPTION LJYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.414739835466C 00 0.1398E-06 0.4275E-02 0.2103E-06 0.2344E-06

= 19

AIR/H2R SCATTER
O.OOOOE 00

AIR/H20 SCATTER
O.OOOOE 00

AIR/H20 SCATTER
0.0000E 00

AIR/H20 SCATTER
0.3175E-03

AIR/H20 SCATTER
0.2138E-09

AIR/H21 SCATTER
0.4299E-03

H20/2ND SCATTER
0.1888E-03

H20/2ND SCATTER
0.2192E-03

H20/2ND SCATTER
0.2979E-03

H20/2ND SCATTER
0.3538E-03

120/2ND SCATTER
0.2161E-09

H20/ZND SCATTER
0.4283E-03

00

r.
ml

z
0

0
*11



MODE NC. = 7 PHASE VELOCITY = 0.152606436803D 04
NUMBER OF ITERATE SOLUTIONS = 21 THE EIGENFUNCTION WAS

WAVE NUMBFR 4ATER AS'RRPTI7N LAYFR 2 ATTFN RATIO
0.4117247995170 00 Q.1396E-06 0.5730E-02

MODE NJ. = 8 PHASE VELICTEt = 0.153963198097D 04
NUMBER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTION WAS

WAVE NUMEER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.408096570143D 00 0.1407E-06 0.7254E-02

MODE NO. = 9 PHASE VELOCITY = 0.155576272963D 04
NUMBED (F ITERATE S-LUTIONS = 20 THE EIGENFUNCTION WAS

WAVE NLMBEk WBTER ABSORPTION LAYER 2 ATTEN RATIO
0.403865267339D 00 0.1419E-06 0.8970E-02

MODE VO. = 10 PHASE VELOCTT = 0.1574809S2975D 04
NUMBER OF ITERATE SOLUTIONS = 20 THE EIGENFUNCTION WAS

WAVE NUBCR WATER ABSORPTION LAYER 2 ATTEN RATIO
0.39898n650579E 00 0.1433E-06 0.1098E-01

MRDr NO. = 11 PHASE VELOCITY = 0.159703277065D 04
NUMBER OF ITERATE SOLUTTONS = 20 THE FIGENFUNCTION WAS

WAVF NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.3934287024440 00 0.145GE-06 0.1344E-O1

MODE NO. = 12 PHASE VELOCITY = 0.1 62271187717D 04
NUMBER OF ITERATE SOLUTIONS = 22 THE EIGENFUNCTION WAS

WAVE NUMEFR WATER ABSORPTION LAYER 2 ATTEN RATIO
0.3R72027681300 00 0.146BE-06 0.1686E-01

D0

SCALED DOWN 0 TIME(S)
CIMP ATTEN RATIO SHEAR ATTEN RATIO

0.2290E-07 0.2587E-07

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.1496E-07 0.1719E-07

SCALED DJWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.1677E-07 0.1969E-07

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.2660E-07 0.3205E-07

SCALED DOWN 0 TIMF(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.5720E-07 0.7112E-07

SCALED DOWN 0 TTME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.1710E-06 0.2209F-06

AIRIH20 SCATTER
0.5283F-03

AIR/H20 SCATTER
0 .6339E-03

AIR/H20 SCATTER
0.7359E-03

AIR/420 SCATTER
0.8336E-03

AIR/H20 SCATTER
0 .9433E-03

AIR/H20 SCATTER
0.1057E-02

H20/2ND SCATTER
0.52B1E-03

H20/2ND SCATTER
0.6239E-03

H20/2ND SCATTER
0.7244E-03

H20/2ND SCATTER
0.8295E-03

H20/2ND SCATTER
0.9351E-03

H20/2ND SCATTER
0.1046E-02

z

0

00

4O



MAXIMUM NUMBER OF MODES 3 24 NUMBER OF MODES CALCULATED = 19

MODE NO. = 13 PHASE VELOCITY = 0.165230421485D 04
NUMBER OF ITERATE SOLUTIONS - 19 THE EIGFNFUNCTION WAS

WAVE NUMBER WATER ABSfRRTION LAYER 2 ATTEN RATIO
0.380269067508C 00 0.1487E-06 0.2251E-01

MODE NO. = 14 PHASE VELOCITY = 0.1686200599160 04
NUMBER TF ITERATE SOLUTIONS = 19 THE EIGENFUNCTION WAS

WAVF NUMBER wATrR ABSORTION LAYER 2 ATTEN RATIO
0.3726238331500 00 0.149TE-06 0.3558E-01

MODE No. = 15 PHASE VELOCITY = 0.1723937606690 04
NUMBER OF ITERATE SOLUTIONS = 23 THE EIENFUNCTION WAS

WAYP NUDEYR WATER ABSORPTION LAYER 2 ATTEN RATIO
0.364467094563D 00 0.13q2E-06 0.1237E 00

MODE NO. = 16 PHASE VEL'CITY = 0.174594465334D 04
NUMBER IF ITERATE SOLUTIONS = 19 THE EIGENFUNCTION WAS

WAV' NU"EFR WATER ABSORPTION LIYER 2 ATTEN RATIO
0.359873109102D 00 0.3165F-07 0.8095E 00

MRDE Nt. = 17 PHASE VELICITY = 0.1772666089480 04
NUMBER OF ITERATE SOLUTIONS = 14 THE EIGENFUNCTION WAS

WAYt NUM8ER 4ATER ABSORPTIN LAYER 2 ATTEN RATIO
0.3544483?7548C 00 0.14?5F-06 0.12R6E 00

LA0~
SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.7742E-06 0.1048E-O5

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.6561E-05 0.9400E-05

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ArTEN RATIO

0.2153E-03 0.3304E-03

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.5016E-02 0.8039E-02

SCALED DOWN 0 TIME(S)
CIMP ATTEN RATIO SHEAR ATTEN RATIO

0.1646E-02 0.2789E-02

KIR/H20 SCATTER
0.1172E-02

AIR/H20 SCATTER
0.1289F-02

9IR/H20 SCATTER
0.1300E-02

AIR/420 SCATTER
0 .3057E-03

AIR/H20 SCATTER
0. 1432E-02

H20/2ND SCATTER
0. 1161E-02

H20/2ND SCATTER
0.1269E-02

H20/2ND SCATTER
0.1274E-02

H20/2ND SCATTER
0.2965E-03

H20/2ND SCATTER
0.1402E-02

MODE NO. = 18 PHASE VFLOlITY = 0.181772712071D 04
NUMBER OF ITERATE SOLUTIONS = 22 THE EIGENFUNCTION WAS

WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATIO
0.345661636204C 00 0.1146E-06 0.3228E 00

SCALED DOWN 0 TIME(S)
COMP ATTEN RATIO SHEAR ATTEN RATIO

0.6090E-02 0.1144E-0I
AIR/H20 SCATTER H20/2ND SCATTER-

O.1232E-02 0.12OE-02

r-

Cr

m

z
0
01



MODE NO. = 19 P4ASE VELOCITY = 0.1845507288840 04
NUMBER OF ITERATE SOLUTIONS = 18 THE EIGENFUNCTION WAS SCALED DOWN 0 TIME(S)

WAVF NUMEcR WATFR ABSORPTION LAYER 2 ATTEN RATIO COMP ATTEN RATIO SHEAR ATTEN RATIO
0.3404584389980 00 0.7817E-07 0.5512E 00 0.1384E-01 O.2788F-O1

AIR/H20 SCATTER
0.8535E-03

z

1120/2ND SCATTER 0
0.8241E-03

00

tl)
'ID



INCOHERENT TRANSMISSION LOSS
LOSS IN DB

RANGE('M) = 25000.0
EXPONENTIAL (THUS CMNTRIBUTTON AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE MO. 4
EXPONENTIAL (THUS ClNTRItBIJTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE No. 5
EXPINFNTIML (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 14
EXPONENTIAL (T8US CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 15
EXPONENTIAL (THUS CONTRI BUT ION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 17
EXPINFNTTAL (THUS CONTRIBUTTON AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 18

SOURCE DEPTH(M) = 70.000
C 75.96/ 135.462) (108.38/ 23.682) (IIII[I/IIIIIIII) (IIIIIIfIIIIIIII) (IIIIII/IIIIIIII)

SOURCE DEPIH(r) = 140.000
C 74.35/ 273.481) C 90.41/ 273.839) (IIIIIITIIIIIIII) (IIIIIIrIIITIItI) (tIIIIImIIIIIII)

RANGE0) = 30000.0
EXPONENTIAL (THUS C`NTRIBUTION AT ALL SIURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 4
EXPONENTIAL CTHUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 5
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET To ZERO FOR MODE NO. 14
EXPM4FNTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET T1 ZERO FmR MODE NO. 15
EXPONENTIAL (ThUS CONTRIBUTTCO AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 16
EXPONFNTIAL (TIUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. IT
EXPN4-NTIAL (THUS C"NTR18UTTfN AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE No. 18
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 19

I-.)
SOURCE OEPT740) = 70.000
C 77.98/ 247.720) (100.95/ 204.795) (IIIIIIZIIIIIIII) (IIIIII/ITIIITIIT) (IIIIII/IIIIIIII)

SOURCE DEPTN(v) = 140.000
( 84.95f 354.092) (114.38X 142.139) (IIIIII/IIIII)(IIIIIIIIII) (IIIIIIZIIIIIIII)

RANGE(.4) = 35000.0
EXPMNFNTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 4
EXPONENTIAL (THUS CmNTRIBUlION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FIR MODE NO. 5
EXPONENTIAL (TItUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 12
EXPONENTIAL (THUS CONTRIBUTION AT ALL SCURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 14
EXP'NFNTIAL (THUS.CUNTRIZBUTTN AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MNoF NO. 15
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 16
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 17
EXP^Yr.NTIAL (TI-LS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SFT TO ZERO FeR MODE NO. 18
EXPONEYTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NC. 19

SmUR¢C nEPTl(Cw) = 70.000
C 77.49! 289.767) (100.42/ 307.415) (IIIIIIIIIIIIII) (IIIIII/IIIIIII) (IITIIIIIIIIIIII)

SMURCE WIETH(M) = .140.000
( 72.25/ 62.076) ( 92.70/ 51.892) (TIIIIIITIIIIII) EIIII/IIlIIIIII) (IIIIII/IIIIIIII)

RANGE(M) = 40000.0
DIAO- ANTTAl (TWI I rTTAQ llTT 'IN AT AI I * llDAi'r OrATV=D n.DITNIIC CAT TN 7FQO Fe l mmnA NM - 4

RANGE(M) = 25000.0

SOURCE DEPTH(M) = 70.000
72.45 92.93 IIIIII IIIIII 111111

SOURCE DEPTH(M) = 140.000
73.73 94.01 IIIIII IIIIII IIIZII

RANGE(M) = 30000.0

SOURCE nEPTH(M) = 70.000
73.84 94.82 IIIIII IIIIII 111111

SOURCE DEPTH(M) = 140.00075.39 96.36 IIIIII IIIIII IIIIII

RANGE(M) = 35000.0

SOURCE DEPTH(M) = 70.000
75.08 96.41 I11III IIIII1 IIIIII

SOURCE DEPTH(") = 140.000
76.79 98.37 IIIIII IIIIII IIIIII

RANGE(M) = 40000.0

COHERENT TRANSMISSION LOSS
(LOSS I4 Da, AHASE IN DOGREFS)

r,
m

z
0
r,



EXPONENTIAL (THUS
EXPONENTIAL (THUS
EXPONENTIAL (THUS
EXPONENTIAL (THUS
EXPINcNTIAL (THUS
EXPONENTIAL (THUS
EXPONENTIAL (THUS
EXPONENTIAL (THUS
EXPONENTIAL (THUS

SOURCE DEPIHm() =
( 84.36/ 354.742)

SOURCE DEP1(HP) =
( 82.12/ 104.993)

CONTRTBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 5
CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 12
CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) -SFT TO ZERO FOR MODE NO. 13
CONTRTBUTTON AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 14
CONTRIBUTION AT ALL SOURCE/RECETVER DEPTHS) SET TO ZERO FOR MODF NO. 15
CONTRIBUTION AT ALL SIURCE/RECEIVER DEPTHS) SET TO7 ZERO FOR MODE NO. 16
CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 17
CONTRIBUTION AT ALL SJURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 18
CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 19

70.000
(100.710 353.959) (IIII0IIII IIIIII)
1 4 0.00 0
(105.92X 74.268) (IIIIIIZITIIIIIIT) (IIIIIIZIIIIIIII) (IITIIIIIIIIIIII)

SOURCE DEPTH(m) = 70.000
76.22 97.81 IIIIII IIIIII IIIIII

SOURCE DEPTH(M) = 140.000
77.96 100.04 IIIIII IIIIII IIIIII

RANGE(M) = 45000.0
EXPONENTIAL (THUS CRNTRTaUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 4
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVFR DEPTHS) SET TO ZERO FOR MODE NO. 5
EXPON'NTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET To ZERO FOR MODE NO. 12
EXPRNENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 13
EXPONENTIAL (TIUS CO3TRTBUTION AT ALL SOURCEIRECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 14
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 15
EXPONENTIL (THUS CINTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 16
EXPONENTIAL (THUS CONTREBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE No. 17
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 18
EXPeNNTIIAL (THUS CONTRTBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 19

SOURCE DFPTH(M) = 70.000
( 75.46/ 316.897) ( 96.79/ 306.807) (i iriIIir) (IIIIIfI/IIIIIII) (IIIIIIZIIIIIIII)

SOURCE DEPTH(M) = 140.000
( 76.27/ 153.151) ( 99.601 149.173) (IIIIIItIIIIIIi) (IIIIII/IIIIIIII) (IIIIIIIIIIIII)

RANGE(M) = goooo.n
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MIDE NO. 4
EXPONENTIAL (TI-US CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET To ZERO FOR MODE NO. S
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 12
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE No. 13
EXPONcNT15L (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 14
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 15
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 16
EXPONENTIAL (TIhUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE No. 17
EXPONENTIAL (THUS CONTRIBUTION AT ALL SOURCE/RECEIVER DEPTHS) SET TR ZERO FOR MODE NO. 18
EXPONENTIAL (THUS C'NTRI8UT!ON AT ALL SOURCE/RECEIVER DEPTHS) SET TO ZERO FOR MODE NO. 19

SOURCE DEPTH(*) = 70.000
( 77.97/ 254.980) ( 99.44/ 766.108) (IIIIIIZIIIIEIII) (IIIIII/IIIIIIII) (IIIIII/IIIIIIIi)

SOURCE 9EPTH(M) = 140.000
( 80.38Z 103.657) (104.49X 85.910) (IIIIIIfllliiiii) (mIIIIIXIIIII) (miIfI~IIIIIIii)

RANGE(M) = 45000.0

SOURCE DEPTH(M) = 70.000
77.27 99.06 IIIIII IIIIII IIII

SOURCE DEPTH(M) = 140.000
78.95 101.41 IIIIII 111111 111111

RANGE(M) = 50000.0

SOURCE DEPTH(M) = 70.000
78.26 100.20 IIIII1 IIIIII IIIIII

SOURCE DEPTH(M) = 140.000
79.80 102.52 IIIIII IIIIII IIIIII

z

10
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Appendix A

NORMAL-MODE SUBROUTINES

Detailed documentation [Al] is available for the normal-mode calculations. Although the com-
plete model theory and its FORTRAN coding -may be found in Ref. Al, we present here an outline of
the salient features, with particular emphasis on the major changes and improvements made to the rou-
tines since the publication of Ref. Al.

For a shear-supporting solid basement, PROGRAM MOATL calls subroutines SOLID, HALFS,
and ITRTS for the normal-mode calculations. (The fluid-basement case is similar, but less complicated,
and will not be discussed here.) The three subroutines used in the solid-basement case correspond,
respectively, to PROGRAM SOLID, SUBROUTINE HALF, and SUBROUTINE ITERATE of Ref. Al.

The normal modes of a given environment are the eigenfunctions of Eq. (Al). Application of
appropriate boundary conditions will yield a set of N discrete modes, with corresponding modal wave
numbers, or eigenvalues kn (n = 1, ... , N). Due to the appearance of the depth-dependent c(C),
Eq. (Al) must be replaced by a finite-difference equivalent for numerical solution; the water and sedi-
ment layers must therefore be divided into a number of intervals, or incremental steps, and these are
user-specified through the input variables LI1 and L12.

d2 Un + H2[ ) 12 -k21 Un = °. (Al)

Normal-mode calculations begin in SOLID with a determination of the maximum number of
modes. The calculation of modal parameters follows. The mode order is designated and upper and
lower bounds are set for the eigenvalue. HALFS is then called to repeatedly shorten the length of this
interval, thus converging on the correct eigenvalue. For each new trial eigenvalue obtained, a call to
ITRTS is made, where a set of "three-point extrapolation" equations (the finite-difference equivalent of
Eq. (Al)) is used to generate, from bottom to surface, the corresponding trial eigenfunction. Depend-
ing on the value of the trial eigenfunction at the air/water surface, the trial eigenvalue becomes either
the new left- or new right-hand bound of the now-smaller eigenvalue interval. Generally ten or more
calls are made to ITRTS before an acceptable eigenvalue is found.

The correct eigenvalue has an eigenfunction which fulfills the boundary condition of being zero at
the air/water (pressure-release) surface. Alternatively, HALFS requires that either of two criteria are
met: (1) the surface value of the trial eigenfunction is less than EPLON and the difference between the
present trial eigenvalue and either the left or the right bound of the present interval is less than 10-12;
or (2) the difference between the trial eigenvalue and either bound of the interval is less than PPRCN.
The variable PPRCN is defined as lo-PRCSN' where PRCSN is one less than the approximate number of
decimal digits associated with the mantissa of a DOUBLE PRECISION floating-point number. What
this means is that for criterion (2), the eigenvalue is correct to within the limits of the machine. The
machine-dependent PRCSN is adjusted by a PARAMETER statement in MOATL.

For criterion (1), EPLON is defined as the product of EPSLN (a preselected small number) and
UMAX (the maximum value that the unnormalized trial eigenfunction takes on). When the correct
eigenfunction is determined, control returns to SOLID, where the eigenfunction is normalized (using
the Simpson's rule numerical integral technique) according to the solid-basement equivalent of Eq. (A2).
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The value of EPSLN is usually selected on the assumption that the maximum value of the eigenfunc-
tion is of the order of magnitude one. Since the surface value is checked in HALFS using the unnor-
malized trial eigenfunction, EPSLN is redefined as EPLON, as stated above. In this way, the normal-
ized eigenfunction will have a surface value less than the input variable EPSLN, if criterion (1) is met.

Swo P(4) un(,) d4 - 1. (A2)

In this connection, we mention another major change in the programming. It was found in some
cases that the unnormalized eigenfunction generated in ITRTS took on very large values, sometimes
larger than PMGTD, which is defined as 1 0 MGN1TD. (The variable MGNTD depends on one-half the
dynamic range of a real constant and, being machine-dependent, is defined for convenience by a
PARAMETER statement in MOATL.) In the course of normalization of the eigenfunction, certain
single-precision variables are set equal to the sum of the squares of unnormalized eigenfunction values.
Thus a value larger than PMGTD, when squared, will cause a floating point overflow in the machine,
with subsequent termination of execution and/or the generation of erroneous results. This problem
was eliminated in the following way. During generation of the trial eigenfunction in ITRTS, whenever
a value larger than PMGTD is encountered, the entire eigenfunction thus far generated is scaled down
by dividing the value at each incremental depth by PMGTD. If a given value is so small that such a
division would cause a floating point underflow, that value is redefined to be zero. Then the generation
of the rest of the eigenfunction resumes. Whenever such a scaling of the eigenfunction takes place, a
counter, IFG, is increased by one. The value of this counter is passed back to HALFS along with the
trial eigenvalue and eigenfunction. In HALFS, the eigenvalue interval redefinition (described above)
depends on the surface values of the trial eigenfunctions, so the scaling information must be taken into
account.

There is another important change in the programming of the eigenfunction generation to be dis-
cussed. It is stated in Ref. Al that for certain downward-refracting sound speed profiles, the lowest
order eigenfunctions generated may exhibit large amplitude fluctuations near the surface. Previously,
the eigenfunction was zeroed (the values at each of the incremental depths were set to zero) from this
point up to the air/water surface. Recently, a method of calculating the actual, albeit small, values of
the function has been implemented to replace the zeroing procedure.

The phase velocity, c,, =co/k,,, increases monotonically with mode-order n. Consider a sound-
speed profile which is strongly downward refracting near the surface, such as the deep water profile
shown in Fig. Al. It may happen that the phase velocities of the lowest order eigenfunctions, although
larger than cmin as they must be, are smaller than the surface value of the sound speed profile. (In Fig.
Al, this is true of the nth mode, but not the (n+l)th mode.) Thus for some depth value Zm, we have

k,, > () for O K z < zm-

The result is that solutions of Eq. (Al) for Z < Zm are exponential rather than sinusoidal, and further
iteration of the solution may become unstable.

The program will now calculate the values of the eigenfunctions for Z < Zm (rather than setting
them to zero). The technique, for a given mode, is simply to start the iteration again, this time at the
air/water surface, and generate the eigenfunction down to Zm. The two functions are then matched at
Zm to obtain the entire scaled eigenfunction.

To discuss this technique, it is convenient to use the symbols and notation of Ref. Al, to which
the reader is referred for appropriate definitions.

The flag IZERO, which in the past controlled the zeroing procedure, now controls the matching
procedure. It is set to one for the final call to SUBROUTINE ITRTS, which is the call that generates
the acceptable eigenfunction. Note that when this final call is made the eigenvalue k, has already been
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Cp,n = C m (Z c) a1 (0)

H1
C2 (Z)

Fig. Al - Hypothetical phase velocity configuration. For each mode order <•
n, there will be a depth Zm for which cl(Z) (with Z < Zm) will be greater than
the corresponding modal phase velocity. For modes of order > n, Zm = 0.

determined. The matching procedure is not used (or needed) in the eigenvalue search procedure.
When IZERO = 1, the DO 6 loop is executed, which searches the water layer for Zn. It may also hap-
pen that k,> [w/cj(z)] everywhere in the water layer. In this case, the DO 8 loop searches the sedi-
ment layer for Zm (ZQ is always less than H1 + H2). The variable MATCH stores the number of the
incremental layer corresponding to Zn. Then ITRTS proceeds, as usual, to generate the eigenfunction
from bottom up to z,,. Then control transfers to statement number 131, where we begin a similar cal-
culation from the surface downward. The flag IZERO is set to two; this instructs SOLID to print a
message informing the user that the present mode has been "matched" at depth Zm. Next, to
accomodate the pressure-release boundary condition, we set z4' )(0) = 0. We estimate the value at the
next incremental depth down from the surface by using the Taylor polynomial of second order,
expanded about zero:

_______ t?2 d
2

Z,"M

z(') (t)Z= z(1 )(0) + t dz I 2! dz 

Until normalization, the slope of the eigenfunction is arbitrary. To avoid the problem of "exponential

runaway," we therefore choose the very small value of 10-10 for dZ _ . We can solve Eq. (Al) for
dz 0

dz2 | X and the result is zero. Thus we are left without next amplitude, YOU(2):

Z '(tl) = tj X 10 10.

To obtain YOU(3) through YOU(N1) (or through YOU(MATCH) if MATCH < Nl, ie.,
Zm < Hj) we employ the "three-point extrapolation" finite-difference equivalent of Eq. (Al). For
j = 2, ... , N1-1 we have:
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tl) fZ(1)((i - l)t) [24- - I((J-1) ) - k2t 2J1

-Z,(') (Q- 2)t)f 12 + t?((J-2)t) - k2tJJ2 l2 + k(j,) -knhJ

If MATCH > N1, the above calculation will procede all the way to the boundary value of the
eigenfunction in the water at the water/sediment interface: YOU(N1) = Z,(1)(H1). From the boundary
conditions, we immediately obtain the boundary value of the eigenfunction in the sediment layer:
YOU(NIPLSI) - Z$(2)(H1 ) _ (Pl/P2) Z4(')(H1). To obtain the next point, we again use the Taylor
polynomial, this time expanded about HI:

d_____ 2 d2Zn(2) 
Z(2)( + t Z) - Z(2)(HI) + t2 2! d+ -

dz IH 1 2! d W

Now

dZ(2)| dZ L -I, dZ. I
dz I dz H1 dz 1

because of the boundary conditions. We program the derivative numerically:

d~ I H (-3Z,(1)(H 1 - 2tj) + 4Zz(4)(Hj- t) -Z()(Hj))/2tj.

From Eq. (Al), we have the second derivative:

d 2Z.,|=_[n2 _k](2)( ) dZ2 - [-J - k~? z42 (HI).

Substituting these values into the Taylor polynomial, one obtains the value of Zn(2) (H1 + t2 ).

From this point on, i.e., for calculation of YOU(NlPLS3) through YOU(MATCH), we again
make use of the finite-difference equivalent of Eq. (Al); the procedure is straightforward and we shall
not repeat the details.

The quantity YOU(MATCH) is the value of the eigenfunction at Zm, as calculated by the original
procedure of integrating upward from the bottom. The variable PPLUS1 is the same quantity, but cal-
culated by the present procedure of starting at the top and integrating downward. It remains to "match"
the solutions, which is accomplished by the DO 149 loop. Each of the values, from the surface to Zm,
is multiplied by the factor YOU(MATCH)/PPLUS1. This ensures the continuity of the eigenfunction
at Zm, Continuity of its first derivative follows from the condition that the correct eigenvalue has
already been determined. Continuity of higher derivatives follows from Eq. (Al). This completes the
task, since normalization takes place later in SOLID.

With control returned from HALFS to SOLID, the eigenfunction is normalized, as stated above.
Next, the scattering ratios and the bottom attenuation ratios are determined (see Eqs. (A3) and (A4)).
The quantity r 0, is termed AIRH20(I) and F1,, is termed H202ND(I), where I designates the mode
order. The quantity y(2) is termed ATTEN2(I), y(3C) is termed ATTENC(I), and Y (3' is termed
ATTENS (I). The values of these parameters are as defined in the old version of the program (see Ref.
Al); however, the code has been modified to take into account the discussed procedure of scaling the
eigenfunction. The only numerical change is in the formula used for calculating derivatives of the
eigenfunction at the surface and bottom. For example, whereas we previously [All defined

DYOUA= (YOU(2) *ANORM-YOU(1) *ANORM)/DL1,
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we now use the more accurate formula:

DYOUA= (-3. *YOU(l) *ANORM + 4. *YOU (2) *ANORM -YOU(3) *ANORM) /2./DL1.

In the present version of SOLID, normalization is accomplished first, thus we have programmed
YOU(J) *ANORM as UNRM1 (IJ) or UNRM2(I,J), where the mode order I has been inserted.

8 = e2 + E3cYtn + E3sY 35) + SO0,n + SI,n + a,- (A3)

SOn2= 2. &o - i21ro
Sos=2112[ () |2 k21 rln (A4)

Si,,, = 2o-2[{ (Hl) | n -k2J Fl,,A

In many cases, attenuation of the modal field due to absorption by the water is not appreciable.
In some cases, however, this loss mechanism has been found to yield a significant contribution, thus it
is now included in the transmission loss calculated by MOATL via Eq. (A3). In a manner similar to
that of the sediment layer and basement, we may write the attenuation as an = Ely (1), where eI is the
plane-wave absorption coefficient in an infinite medium of ocean water. Whereas E2, E3c, and E3s
depend on the particular sediment and basement chosen (and are input variables), el may by taken as
constant and given empirically by [A21:

- (0.1) f2 + 4ef2 + 2.75 x 10-4 f2,

where f is the frequency in kHz and El is given in dB/kyd. The coefficient El is termed EPW by
SOLID, where it is converted to nepers/m. The quantity e (I) measures the degree of interaction of the
nth mode with the absorption mechanism and is given (in a form similar to that of n , by:

(I)= Plk So c1 (z) dz.

The superscript on the eigenfunction refers to the layer number, in this case the water layer.
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Appendix B

FORTRAN NAMELIST OF PROGRAM MOATL VARIABLES
AND SYSTEM SUBROUTINES AND FUNCTIONS

All the variables of PROGRAM MOATL are alphabetically listed below with their corresponding
definitions. For the arrays in the list, the index N denotes mode-order, the index I denotes range, and
the variables J1 and J2 denote receiver and source identification, respectively. Occasionally, reference
is made to the "SR group" or the "LR group." For further explanation and definitions, see the section
"Step-By-Step Analysis-Part 3."

Most of the variables occurring in the subroutines have been described elsewhere [B1]; some
name changes and new variables are defined in Appendix A.

The computer system library functions appearing in the FORTRAN code are described at the end
of this Appendix in Table Bl.

The on-line plotter software includes the following subroutines, which are not discussed here:
CENTRE, CNUMBR, ENDPLT, NXAXIS, NYAXIS, ORIGIN, PLOT, PLOTS, and SYMBOL.

ABSOR(N): An array containing the water absorption, a,,, calculated in the subroutines.

AIRH20(N): An array containing the scattering ratios o',,, used in calculating the attenuation due to
interaction of the various modes with a statistically rough boundary at the air/water
interface.

AKN(N): An array containing the eigenvalues (modal wave numbers), k,,, as calculated by the subrou-
tines.

ATTENC(N): An array containing the basement compressional attenuation ratios, Y 30

ATTENS(N): An array containing the basement shear attenuation ratios, 'Y,3s)

ATTEN2(N): An array containing the sediment attenuation ratios, yv

Al: The number plus fraction (starting at the air/water surface) of the incremental layer corresponding
to the source or receiver depth.

A2: In a range-dependent model, Al is used (as defined above) for the SR calculation and A2 (defined
the same way) is used for the LR calculation.

CBS: the range-interpolated value of cl(H), the sound speed at the bottom of the water layer.

CBl: The value of cl(H) at the SR range.
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CB2: The value of cl(H) at the LR range.

COMP: The compressional velocity, C3c, of the basement.

COPL(J1,J2,I): An array containing the coherent transmission loss or transmission-loss anomaly in
decibels.

CTS: The range-interpolated value of cl(O), the sound speed at the surface of the water layer.

CT1: The value of cl(O) at the SR range.

CT2: The value of cl(0) at the LR range.

C1 (J): An array containing the sound-speed profile in the water layer, cl(z).

C2(J): An array containing the sound-speed profile in the sediment layer, C2 (Z).

DBMAX: The maximum loss (in dB) on the vertical axis of the plot.

DBMIN: The minimum loss (in dB) on the vertical axis of the plot.

DEPRE(J1): An array containing the receiver depths.

DEPSO(J2): An array containing the source depths.

DLTA1: That fraction of an incremental layer by which the source or receiver depth exceeds the depth
of the nearest shallower incremental layer boundary.

DLTA2: In a range-dependent model, DLTAI is used (as defined above) for the SR calculation and
DLTA2 (defined the same way) is used for the LR calculation.

DR: The distance (increment) between ranges at which transmission loss (or loss anomaly) is calcu-
lated.

DX: The number of kilometers per inch on the horizontal (range) axis of the plot.

DY: The number of decibels per inch on the vertical (loss) axis of the plot.

EIGVL1 (N): An array containing the eigenvalues, k, at the SR range.

EIGVL2(N): An array containing the eigenvalues, k,, at the LR range.

EPSLN: The criterion for the accuracy of the determined eigenvalues and eigenfunctions, i.e., the
amount by which the air/water surface value of the normalized eigenfunction may
differ from the pressure-release boundary condition requirement of being identically
zero.

EP1: The plane-wave absorption coefficient of the sediment, L 2, expressed in dB/Hz-m.

EP2: The basement compressional plane-wave absorption coefficient, E3c, expressed in
dB/Hz-m.

EP3: The basement shear plane-wave absorption coefficient, E3s, expressed in dB/Hz-m.
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EP4: Same as EPI, expressed in nepers/m.

EP5: Same as EP2, expressed in nepers/m.

EP6: Same as EP3, expressed in nepers/m.

F: The source frequency, f.

GA(N): An array containing the range-interpolated values of the water absorption, a,,.

GB(N): An array containing the range-interpolated values of the scattering ratios Fl,".

GT(N): An array containing the range-interpolated values of the scattering ratios TO,,,.

G 1(N): An array containing the range-interpolated values of the attenuation ratios yn(2)

G2(N): An array containing the range-interpolated values of the attenuation ratios yn3c)

G3 (N): An array containing the range-interpolated values of the attenuation ratios yn

HS: The range-interpolated value of the water layer thickness (ie., the water depth), HI.

H10: The value of the water layer thickness HI at the receiver, i.e., at zero range.

H1l: The value of the water layer thickness H1 at the SR range.

H12: The value of the water layer thickness H1 at the LR range.

H2: The value of the sediment layer thickness H2 .

H202ND(N): An array containing the scattering ratios F1,,, used in calculating the attenuation due to
interaction of the various modes with a statistically rough boundary at the
water/sediment interface.

I: A DO-LOOP index used primarily for the DO 300 range loop.

IA1: The truncated integer value of Al.

IA2: The truncated integer value of A2.

IFREQ: The DO 340 frequency loop index.

III: An input flag used to specify whether the basement is to be modeled as a fluid or a solid.

IM: A DO-LOOP index denoting mode-order.

INC1: A variable having a value one greater than the number of depth-increment values to be skipped
between printed-out values of the eigenfunctions in the water layer.

INC2: A variable having a value one greater than the number of depth-increment values to be skipped
between printed-out values of the eigenfunctions in the sediment layer.

IPLOT: An input flag used to specify whether or not plotting of transmission loss (or loss anomaly) vs
range is to be included in the output.
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ISPRD: An input flag used to specify whether transmission loss or transmission loss anomaly is to be
calculated.

J: An implied DO-LOOP index used for the sound-speed profiles.

Jl: A DO-LOOP index used for denoting the various receiver depths.

J2: A DO-LOOP index used for denoting the various source depths.

KA: A parameter whose value flags the normal-mode subroutines to store the calculated eigenfunc-
tions in either the SR array UNRM1 (N,K) or the LR array UNRM2 (N,K).

LI1: The number of incremental steps into which the water layer is to be divided for the numerical cal-
culations.

L12: The number of incremental steps into which the sediment layer is to be divided for the numerical
calculations.

MDPRNT: An input flag used to specify whether or not calculated normal-mode amplitude functions
(eigenfunctions), u,(z), are to be printed out.

MGNTD: A machine-dependent parameter set equal to approximately half (but not larger than half)
the dynamic range of a single-precision real constant.

NDRE: The number of receiver depths for which calculations are to be performed.

NDSO: The number of source depths for which calculations are to be performed.

ND1: The number of points (depths) in the water layer at which the sound speed is supplied.

ND2: The number of points (depths) in the sediment layer at which the sound speed is supplied.

NMFREQ: The number of source frequencies (or more accurately, the number of separate environ-
mental cases) for which the entire transmission-loss calculations are to be performed.

NMODE: The total number of modes that exist and/or that are to be used in the calculations.

NRBUF: The number of range points at which environmental data are to be supplied.

NRCALC: The number of range points at which loss calculations are to be performed.

N1: LIl + 1 in the subroutines.

Nil: LIi+l at the SR environmental data set.

N12: LI1 + 1 at the LR environmental data set.

N2: L12+1 in the subroutines.

PHASE(JI,J2): An array containing the phase angles in degrees of the coherent transmission loss.

PL(Jl,J2,I): An array containing tne incoherent transmission loss or transmission-loss anomaly in deci-
bels.
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PLTAR (K): An array used solely by the machine for buffering the execution-generated plot commands
onto Calcomp plotter tape.

PMGTD: The value of ten raised to the power MGNTD.

PPRCN: The value of ten raised to the power (- PRCSN).

PRCSN: A machine-dependent parameter specifying one less than the approximate number of decimal

digits associated with the mantissa of a DOUBLE PRECISION real constant.

Q: A variable containing the product of Q1 ,and Q2.

N' u,,(~o)u'(~)rh-Ar
QC(Jl,J2): An array containing the intermediate results, n e nrCOS O,,

1 < N' ( N, which are used in calculating the coherent loss.

QQ: The average attenuation coefficient, A,,, times the range, r.

N' u,(40)u ,n( r'h -A,,r
QS(Jl,J2): An array containing the intermediate results, o 1 e sin On,,

1 < N' ( N, which are used in calculating the coherent loss.

Q1: The term -, ( 1)u',h~ "

Q2: The term en

RAN(I: An array containing the range points, r, at which results are to be calculated.

RANGEl: The range of the SR environmental data set.

RANGE2: The range of the LR environmental data set.

RAl(N): An array containing the water absorption, a,,, at the SR range.

RA2(N): An array containing the water absorption, a,,, at the LR range.

RBi1 (N): An array containing the scattering ratios F1l,,, at the SR range.

RB2(N): An array containing the scattering ratios F 1,, at the LR range.

RE(Jl,N): An array containing the depth-interpolated values of un(~O), which are the eigenfunction
values at the various receiver depths.

REC: A PARAMETER which specifies the maximum number of receiver depths.

REC5: A PARAMETER which is greater than or equal to REC and which is an integral multiple of
five.

RERHOl: The water-layer density pt at the receiver, i~e., at zero range.

RERH02: The ratio of the density of the sediment layer to that of water, i.e., P2, at the receiver range.

65



MILLER AND WOLF

RHO 1: The water-layer density PI at the variable range r.

RH02: The ratio of the density of the sediment layer to that of water, i.e., P2, at the variable range r.

RH03: The ratio of the density of the basement to that of water, i.e., p3, at the variable range r.

RMAX: The range of the final input environmental data set and/or the maximum range at which cal-
culations are desired.

RMXKM: The length, in km, of the range axis for plotted output.

RNG: A PARAMETER which specifies the maximum number of range points at which loss calcula-
tions are to be performed.

RT1 (N): An array containing the scattering ratios 170 , at the SR range.

RT2(N): An array containing the scattering ratios rI0,, at the LR range.

RIi(N): An array containing the sediment-attenuation ratios Y 2) at the SR range.

R12(N): An array containing the sediment-attenuation ratios y 2) at the LR range.

R21(N): An array containing the basement compressional attenuation ratios y(3c) at the SR range.

R22 (N): An array containing the basement compressional attenuation ratios yn,3C) at the LR range.

R31(N): An array containing the basement shear attenuation ratios Yy (3 at the SR range.

R32(N): An array containing the basement shear attenuation ratios y(3s) at the LR range.

SA(N): An array containing the values of the integrals fio rat,(r) dr.

SB(N): An array containing the values of the integrals f0O ra n(r) dr.

SCALE: A variable which contains the interpolation factor A used in the linear range interpolation.
(See the section "Step-By-Step Analysis-Part 7," specifically Eqs. (16) and (17).)

SE(N): An array containing the values of the integrals 0,, = f0 kn(r) dr.

SHEAR: The shear velocity, C3s, of the basement.

SIGO: The root-mean-square wave height o0, used in calculating the term Son

SIG1: The root-mean-square excursion of the water/sediment interface al , used in calculating the
term Si,n

SM(J2,N): An array containing the depth-interpolated values of u',Q(), which are the eigenfunction
values at the various source depths.

SOC: A PARAMETER which specifies the maximum number of source depths.

ST(N): An array containing the values of the integrals f0 rO, (r) dr.
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Si(N): An array containing the values of the integrals Jo yr2)(r) dr.

S2(N): An array containing the values of the integrals 0' n (r) dr.

S3(N): An array containing the values of the integrals J yn 3 s(r) dr.

TH: The name of a COMMON block used for variables common to PROGRAM MOATL, SUBROU-
TINE HALFF, and SUBROUTINE HALFS.

TITLE(K): Any alphanumeric label used to identify the computer run.

TN: The name of a COMMON block used for variables common to PROGRAM MOATL, SUBROU-
TINE FLUID, and SUBROUTINE SOLID.

TNH: The name of a COMMON block used for variables common to PROGRAM MOATL, SUBROU-
TINE FLUID, SUBROUTINE SOLID, SUBROUTINE HALFF, and SUBROUTINE
HALFS.

TNI: The name of a COMMON block used for variables common to PROGRAM MOATL, SUBROU-
TINE FLUID, SUBROUTINE SOLID, SUBROUTINE ITRTF, and SUBROUTINE
ITRTS.

TNIH: The name of a COMMON block used for variables common to PROGRAM MOATL and all
subroutines.

UNRM1 (N,.12): An array containing the eigenfunctions u,(z) at the SR range.

UNRM2(N,J2): An array containing the eigenfunctions un(z) at the LR range.

WN(N): An array containing the, range-interpolated values of the eigenvalues k,.

X: The x-coordinate of a point to be plotted on the graph.

XLENG: The to-scale length, in inches, of the range axis for the plotted output graph.

XXR1: The depth-interpolated value of the eigenfunction at the source depth, at the SR range.

XXR2: The depth-interpolated value of the eigenfunction at the source depth, at the LR range.

X2: XLENG divided by two.

Y: The y-coordinate of a point to be plotted on the graph.

YLENG: The length, in inches, of the loss axis for the plotted output graph.

Y2: YLENG divided by two.

Z1(J): An array containing the sound-speed-profile depth points in the water layer.

Z2(J): An array containing the sound-speed-profile depth points in the sediment layer.
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Table Bl - System Library Functions

Mode Mode
Form Definition of of

Argument Result
ABS(X) Absolute value of X Real Real
ALOG10(X) Logarithm to base 10 of X Real Real
ATAN2(X,Y) Arctangentt of (X divided by Y) Real Real
DCOS(D) Cosine of Dt Double Double
DSIN(D) Sine of Dt Double Double
DSQRT(D) Square root of D Double Double
EXP(X) e raised to power X Real Real
FLOAT(I) Convert integer I to real Integer Real
IFIX(X) Truncate real X to integer Real Integer

tin radians

REFERENCES

B1. J.F. Miller and F. Ingenito, NRL Memorandum Report 3071, June 1975.
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Appendix C

FORTRAN LISTING AND CROSS-REFERENCE
OF PROGRAM AND SUBROUTINES

The FORTRAN code for each of the main program and subroutines is listed on the following
pages. Following each listing is a cross-reference for that routine, which gives all of the variable and
routine names used, in alphabetical order. Following each FORTRAN name in the cross-reference is a
list of control statement numbers (CSNs) referencing the statements in which the name appears.

The following control statements are indented three spaces for ease in following the FORTRAN
code: (1) DO loop, (2) GO TO statement, (3) transfer-of-control IF statement, and (4) calls to subrou-
tines.

Each Part of PROGRAM MOATL (as subdivided for the discussion in the "Step-By-Step
Analysis" section) is marked with a COMMENT.
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SOURCE LISTING

CSN STATEMENT

0001 PROGRAM MOATL
0002 DOUBLE PRECISION AKNtEIGVLIEIGVL2,WNSE
0003 COMMON/TN/Zl(150),Cl(150),Z2(l50),C2(150),ABSOR(150)ATTEN2C150),

>ATTENC(150),ATTENS(150),AIRH2O(C50),H2O2ND(150),UNRN1(150,1202),
>UNRM2(I50,1202)MDPRNTINCIINC2,HZ2LI1,LI2SHEARNMODEKAND1,
>ND2ZN2

0004 COMMONXTH/EPSLN
0005 COMMON/TNI/RHOIRHO2,RHO3,H12,COMPFNl
0006 COMMON/TNH/AKNC150)
0007 COMMONITNIH/PPRCNvPMGTD
0008 PARAMETER REC=3 *REC5=5 SOC=4 ,RNG=200

C
C THE FOLLOWING ARE MACHINE-DEPENDENT PARAMETERS. MGNTD IS ROUGHLY
C (BUT SMALLER THAN) ONE-HALF THE DYNAMIC RANGE OF A REAL CONSTANT.
C PRCSN IS ONE LESS THAN THE APPROXIMATE NUMBER OF DECIMAL DIGITS TO
C WHICH A DOUBLE PRECISION NUMBER IS PRECISE.
C

0009 PARAMETER MGNTD=30.PRCSN=15
0010 DIMENSION PLTAR( 500),TITLE(20),DEPRECREC),DEPSO(SOC),RAN(RNS),

>RE(REC,150) ,SM(SOC,150),QS(RECSSC),QC(REC,SOC)hPL(REC5,SOCRNG).
>COPL(REC5,SOCRNG),PHASE(REC5,SOC),EIGVLI(150),EIGVL2(150), r
>Rll(150),R12(150),R21(150),R22(150),R31(150),R32(150),RT1(150),
>RT2(150),RB1(150) RB2(150),SE(150),SI(150), S2(150). >
>S3(150),WN(15O),Gl(150),G2(150),G3(150),ST(150),GT(150),SB(150)Z
>GBC150),RA1(150),RA2(150),GAC150),SA(150)

0011 1000 FORMAT(2OA4)
0012 2000 FORMAT(4I5,F10.395F10.7)
0013 3000 FORMAT(15,2F10.3,2F10.7)
0014 4000 FORMAT(8F10.3)
0015 5000 FORMAT(3I5,5F10.3)
0016 6000 FORMAT(F10.8,3F10.3,415)
0017 7000 FORMAT(2F10.3)
0018 1001 FORMAT ClHI)
0019 2001 FORMAT (1OC/),24X,27H***************************, TRANSMISSION LO

>SS ANOMALY ,26H**************************,I,24X,20A4,6(/),52X,'NU
>MBER OF FREQUENCIES =',I2,//flX,'NO. PROFILES',5X,'NO. CALCULATIO
>N RANGES',5X,'MAXIMUM RANGE'10X,'EP1',.OX.'EP2'1OX.'EP3'.9X.'SIG
>0',9Xi,'SIG1',/,6XI2,l9Xl3,16XF10.3,8X,5(FIO.7,3X))

0020 3001 FORMAT (10(/),24X,31H*****************************, TRANSMISSIO
>N LOSS ',30H******************************.I,24X,2OA4,6C/)952X,'NU
>MBER OF FREQUENCIES ='v12,Iv/,lX,'NO. PROFILES'5X'NO. CALCULATIO
>N RANGES',5X,'MAXIMUM RANGE,1OX'EP1'.1OX,'EP2',1OX,'EP3'9X,'SIG
>0',9X,'SIG',/,6XtI2,19X,13,16XF10.38X,5(FIO.7,3X))

0021 3002 FORMAT C(/,24X9'IPLOT ='vI2,5Xw'DBMIN ='.F8.3,5X.'DBMAX ='9F8.39
>SX'DY ='tFlO.7,5X,'DX ='qF10.7)

0022 4001 FORMAT CX///55X.I3.1X.'SOURCE DEPTHCS)'9,I50(58X,Fl0.3,/))
0023 5001 FORMAT (,54XI3,1X,'RECEIVER DEPTHCS)',9/50(58XF10.3,I))
0024 6001 FORMAT (7(/),lX,20A4,5Xv'SOURCE FREQUENCY ='PF10.3)
0025 7001 FORMAT (//,1X,'MDPRNT =',I1.7X,'INC1 =',I298X,'INC2 ='9I27X,

>'RHOl =',F5.3,6X,'RH02 =',F5.3,6X,'RHO3 =',F5.3,6X,'HI =',F8.3,6X.
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CSN STATEMENT

>'H2 ='9F8.3,fi1X,'EPSLN =',Fl0.8yl0Xi'RANGE =',F10.3,1oX,
> 'LI1I ='q I395X9 'LI 2 ='9I395X9 'ND1 = ',295Xo'ND2 =',12)

0026 8001 FORMAT (iHliXCOHERENT TRANSMISSION LOSS ANOMALY%60XINCOHEREN
>T TRANSMISSION LOSS ANONALY',,lX,(LOSS ANOMALY IN DBX PHASE IN D
>EGREES)'57X'LOSS ANOMALY IN DB')

0027 9001 FORMAT (lHllX,'COHERENT TRANSMISSION LOSS'0 68X,
>'INCOHERENT TRANSMISSION LOSS',
>IlX,'CLOSS IN D3, PHASE IN DEGREES)',65X,'L0SS IN DB')

0028 10001 FORMAT (///,1X,'RANGE(M) =',F8.1976XRANGE(M) ='qF8.1)
0?29 11001 FORMAT(CX,-EXPONENTIAL THUS CONTRIBUTION AT ALL SOURCE/RECEIVER,

>' DEPTHS) SET To ZERO FOR MODE NO.',I3)
0030 12001 FORMAT(lX,'CONTRIBUTION SET TO ZERO FOR MODE NO.',13

>' AT SOURCE DEPTH =',F8.39' AND RECEIVER DEPTH ='vF8.3)
0031 13001 FORMAT (1,1XSOURCE DEPTH(M) =',F8.3,69Xv'SlURCE DEPTH(M) ='

>F8.3)
0032 14001 FORMAT ClX,5('('%F6.2,r'/F8.3,')',l X),4X,5CF6.22X))
0033 15001 FORMAT CIlX,'C%'F6.2,'/',F8.3,')',77XF6.2)

C
C ********** PART 1 *********

0034 CALL PLOTS (PLTAR,500,.7)
0035 PMGTD=l0.**MGNTD
0036 PPRCN=10.**(-PRCSN)
0037 READ(5,1000)TITLE °
0038 READ (5,2000)ISPRD,NMFREQNRBUFNRCALCRMAXEPIEP2,EP3,SIGOSIGI
0039 READ (5,2000)NDSONDRE 0
0040 READ C592000)III k
0041 WRITE(6v1001)
0042 IF (ISPRD.EQ.0) WRITE(692001)TITLENMFREQNRBUFNRCALCRMAXEP1,

>EP2,EP3,SIGO,SIG1
0043 IF (ISPRD.EQ.1) WRITE(6,3001)TITLENMFREQNRBUFNRCALCRMAXEP1,

>EP29EP39SIGOSIGI
0044 READ (5,3000)IPLOTDBMIN,DBMAXDYDX
0045 WRITE(6,3002) IPLOT.DBMINDBMAX,DY,DX
0046 READ (5,4000)(DEPSO(I)tI=1,NDSO)
0047 READ (5,4000)(DEPRECI),I=1,NDRE)
0048 WRITE(6,4001) NDSO,CDEPSO(I),I=1,NDSO)
0049 WRITE(6,5001) NDlE,(DEPRE(I)vI=1vNDRE)
0050 DR=RMAXXNRCALC
0051 RAN(1)=DR

C
C THE FOLLOWING STATEMENT EXEMPLIFIES HOW THE PROGRAM MAY BE USED FOR
C UNEQUAL RANGE INCREMENT CALCULATIONS.
C DR=RAN(1)=10000.
C

0052 IF (IPLOT.EQ.0) GO TO 90
0053 RMXKM=5.*(IFIX(RMAX/5000.)+1)
0054 XLENG=RMXKM/DX
0055 X2=XLENGX2.
0056 YLENG=(DBMAX-DBMIN)/DY
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CSN STATEMENT

0057 Y2=YLENG/2.
0058 90 CONTINUE

C
C ********* PART 2 **********
C

0059 Do 340 IFREQ=19NMFREQ
0060 READ(5,1000)TITLE
0061 READ (5,4000)F
0062 WRITE(6,1001)
0063 WRITE(6,6001) TITLE,F
0064 EP4=EPI*F*0.1151292546
0065 EP5=EP2*F*0.1151292546
0066 EP6=EP3*F*0.1151292546

C
C ********** PART 3 *********
C

0067 READ (5,5000)MDPRNTINClINC2,RHOl1RHO2,RHO3,HllH2
0068 READ (596000)EPSLN,COMPSHEARRANGE1,LIlLI2,ND1,ND2
0069 WRITEC6,7001) MDPRNTINCIINC2,RHO1,RHO2,RHO3,HllH2,EPSLN,

>RANGElLIILI2tNDlND2
0070 RANGE2=RANGEl i
0071 H12=Hll
0072 H1O=HI1 z
0073 RERHOl=RHal
0074 RERHO2=RHO2
0075 READ C5,7000)(l1(J)9Cl(J),J=1,NDl) o
0076 READ (5,7000)(Z2(J)vC2(J),J=1,ND2) r
0077 CT2=ClCl)
0078 CTI=Cl(l)
0079 CBZ=Cl(NDl)
0080 CB1=Cl(NDl)
0081 KA=0
0082 NMODE=10000
0083 IF (III.EQ.0) CALL FLUID
0084 IF (III.EQ.1) CALL SOLID
0085 Nll=Nl
0086 N12=N1
0087 DO 110 1M=1,NMODE
0088 EIGVL1(IM)=AKN(IM)
0089 EIGVL2(IM)=AKN(IM)
0090 Rll(IM)=ATTENZ(IM)
0091 R12(IM)=ATTEN2(IM)
0092 R21(IM)=ATTENC(IM)
0093 R22(IM)=ATTENC(IM)
0094 R31(IM)=ATTENS(IM)
0095 R32(IM)=ATTENS(IM)
0096 RAI(IM)=ABSOR(IM)
0097 RA2(IM)=ABSOR(IM)
0098 RTI(IM)=AIRH2O(IM)
0099 RT2(IM)=AIRHZO(IM)
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CSN STATEMENT

0100 RB1CIM)=H202ND(IM)
0101 RB2(IM)=H2O2ND(IM)
0102 SE(IM)=O.0
0103 S1(IM)=0.0
0104 52(IM)=0.0
0105 S3(IM)=0.0
0106 SA(IM)=0.0
0107 ST(IM)=0-0
0108 SB(IM)=0.0
0109 DO 100 JI=lPNDRE
0110 IF (DEPRE(Jl).GT.H1O) GO TO 95
0111 Al=(Nl-1)*DEPRECJl)/H1O
0112 IAI=IFIX(Al)
0113 DLTAI=Al-IAl
0114 GO TO 100
0115 95 Al=(N2-1)*(DEPRE(Jl)-HlO)/H2+FLOAT(Nl)
0116 IAI=IFIX(Al)
0117 DLTAl=Al-IAI
0118 100 RE(JlIM)=UNRM1(IMIAI+1)+DLTAI*(UNRM1(IMIA1+2)-UNRM1(IMIAu11))
0119 110 CONTINUE
0120 IF (NRBUF.GT.1) GO TO 115

C
C ********** PART 4 **********
C 0

0121 IF (ISPRD.EQ.0) WRITE(6,8001) I
0122 IF (ISPRD.EQ.1) WRITE(6,9001) 4
0123 HS-Hll
0124 CTS=CT1
0125 CBS=CB1
0126 DO 112 J2=1,N0SO
0127 Al=(Nl-l)*DEPSO(J2)/HS
0128 IAI=IFIX(Al)
0129 DLTAI=Al-IAl
0130 DO 111 IM=1,NMODE
0131 111 SM(J2,IM)=UNRM1(IN,1A1+1)+DLTAI*(UNRM11(IMIA1+2)-UNRMl(IMIA1+1))
0132 112 CONTINUE
0133 DO 113 IM=1,NMODE
0134 WN(IM)=EIGVLI(IM)
0135 GlCIM)=Rll(IM)
0136 G2CIM)=R21(IM)
0137 G3(IM)=R31(IM)
0138 GA(IM)=RA1(IM)
0139 GT(IM)=RT1(IM)
0140 GB(IM)=RBI(IM)
0141 113 CONTINUE

C
C ********** PART 5 **********
C

0142 115 DO 300 I=1,NRCALC
C
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CSN STATEMENT

C THE FOLLOWING STATEMENT EXEMPLIFIES HOW THE PROGRAM MAY BF USED FOR
C UNEQUAL RANGE INCREMENT CALCULATIONS.
C IF (I.EQ.3) DR=2000.
C

0143 IF (I.GT.1) RAN(I)=RAN(I-1)+DR
0144 IF (NRBUF.EQ.1) GO TO 209
0145 IF (RANGE2-RANGE1.LT.0.00001) GO TO 125
0146 120 IF (RAN(I).LT.RANGE2+DR/2.0.OR.RAN(I).GE.RMAX) GO TO 160

C
C ********** PART 6 ********
C

0147 125 RANGE1=RANGE2
0148 Hll=H12
0149 CT1=CT2
0150 CB1=CB2
0151 NIl=N12
0152 DO 130 IM=1,NM0DE
0153 IF (KA.EQ.0) GO TO 129
0154 DO 128 IA1=191202
0155 128 UNRMl(IMIA1)=UNRM2(IMvIAl)
0156 129 CONTINUE
0157 EIGVL1(IM)=EIGVLZCIM)
0158 Rll(IM)=R12(IM) >
0159 R21(IM)=R22(IM) Z
0160 R31(IM)=R32(IM)
0161 RA1(IM)=RA2(IR)
0162 RT1(IM)=RT2(IM) r
0163 RBI(IM)=RB2(IM) I
0164 130 CONTINUE
0165 READ (5,5000)MDPRNTINCIINC2,RHO1,RHO2,PH03,H12,HZ
0166 READ (5,6000)EPSLNCOMPSHEARRANGE2,LIlILI2,ND1,ND2
0167 WRITE(6,1001)
0168 WRITE(6*7001) MDPRNTINClINC2,RHalRHO2,RHO3,HI2,H2,EPSLN,

>RANGE2,LIlL129ND1 ND2
0169 READ (5*7000)(Zl(J),Cl(J),J=1,NDl)
0170 READ (5q7000)(Z2(J),C2(J)9J=1vND2)
0171 CT2=C1(l)
0172 CB2=Cl(NDI)
0173 KA=1
0174 IF (III.EQ.0) CALL FLUID
0175 IF (III.EQ.1) CALL SOLID
0176 IF (ISPRD.EQ.0) WRITE(698001)
0177 IF (ISPRD.EQ.1) WRITE(699001)
0178 N12=N1
0179 DO 150 IM=1,NKODE
0180 EIGVL2(IM)=AKN(IN)
0181 R12(IM)=ATTENZ(IM)
0182 R22(IM)=ATTENC(II)
0183 R32(IM)=ATTENS(IN)
0184 RA2(IM)=ABSOR(IM)
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CSN STATEMENT

0185 RT2(IM)=AIRH20(IM)
0186 RB2CIM)=H202NBCIN)
0187 150 CONTINUE
0188 GO TO 120

C
C ********** PART 7 **********
C

0189 160 SCALE=(RAN(I)-RANGE1)/(RANGE2-RANGEI)
0190 HS=H1I+SCALE*(H12-HI1)
0191 CTS=CTl+SCALE*(CT2-CTl)
0192 CBS=CBI+SCALE*(CB2-CBl)
0193 SCALE=SCALE-0RX(2.0*(RANGE2-RANGE1))
0194 DO 180 J2=1,NDSO
0195 Al=(Nll-l)*DEPSO(J2)/HS
0196 Ill=IFIX(Al)
0197 DLTAl=AI-IAl
0198 A2=CN12-1)*OEPSOCJ2)fHS
0199 IA2=IFIX(A2)
0200 DLTA2=A2-IA2 z
0201 DO 170 IM=1,NMODE p
0202 XXRI=UNRM1(IMIA1+1)+DLTA1*(UNRMICIMIAI+2)-UNRM1lIMIA1+1))
0203 XXR2=UNRMZ(IMIA?+l)+DLTA2*(UNRMZCIMIA2+2)-UNRM2(IMIA2+1))
0204 170 SM(J2,IM)=XXR1+CSCALE+DRI(2.*(RANGE2-RANGEI)))*(XXR2-XXRI)
0205 180 CONTINUE -
0206 DO 200 IM=1,NMODE H
0207 WN(IM)=EIGVLlCIM)+SCALE*(EIGVL2(IM)-EIGVL1(IM))
0208 GlCIM)=RllCIM)+SCALE*CR12(IM)-RllCIM))
0209 G2(IM)=R21(IM)+SCALE*(R22(IM)-R21(IM))
0210 G3(IM)=R31CIM)+SCALE*(R32(IM)-R31(IM))
0211 GA(IM)=RAl(IM)+SCALE*(RA2(IM)-RAl(IM))
0212 GT(IM)=RTI(IM)+SCALE*(RT2(IM)-RTl(IM))
0213 GBCIM)=RB1CIM)+SCALE*CRBZCIM)-RB1CIM))
0214 200 CONTINUE

C
C ********** PART 8 **********
C

0215 209 DO 210 J2=1,NDSO
0216 DO 210 J1=1,NDRE
0217 PL(J1,J2,1)=0.0
0218 QC(J1,J2)=0.0
0219 210 QS(J1,J2)=0.0
0220 WRITE(6,10001) RAN(I),RAN(I)
0221 DO 230 IM=lNMODE
0222 SE(IM)=SE(IM)+WN(IM)*DR
0223 Sl(IM)=Sl(IM)+GICIM)*DR
0224 S2(IM)=S2(IM)+G2(IM)*DR
0225 S3(IM)=S3(IM)+G3(IM)*DR
0226 SA(IM)=SA(IM)+GA(IM)*DR
0227 ST(IM)=ST(IM)+GT(IM)*DR
0228 SB(IM)=SB(IM)+GB(IM)*DR
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0229 QQ=EP4*SI(IM)+EP5*S2(IM)+EP6*53(IM)+SA(IM)
0230 QQ=QQ+2.0*ST(IM)*SIGO*SIGO*((6.2831853*F/CTS)**Z-WN(IM)*WN(IM))
0231 QQ=QQ+2.0*SB(IM)*SIGl*SIG1*((6.2831853*FICBS)**2-wN(IM)*wN(IM))
023Z IF (QQ.LE.32.25) GO TO 215
0233 WRITE(6911001) IN
0234 GO TO 230
0235 215 Q2=1.0/EXP(QQ)
0236 DO 220 J2=19NOSI
0237 DO 220 JI=19NDRE
0238 Q1=RE(J1,IM)*SM(J2,IM)*DSQRT(RAN(I)/SE(IM))
0239 IF (ABS(Q1).GE.10.**(-10)) GO TO 217
0240 WRITE(6912001) IMDEPSO(J2),DEPRECJl)
0241 GO TO 220
0242 217 Q=QI*Q2
0243 QS(JlJ2)=QS(JlsJ2)+Q*DSIN(SE(IM))
0244 QC(JlJ2)=QC(Jl,J2)+Q*DCOS(SE(rm))
0245 PL(JlJ2I)=PL(JlJ2,I)+Q*Q
0246 220 CONTINUE
0247 230 CONTINUE

C
C ********** PART 9 **********
C 

0248 DO 270 J2=1,NDSO >
0249 DO 270 Jl=lNDRE Z
0250 COPL(JlJ2,I)=QS(JIJ2)*QS(JI.J2)+QC(JlJ2)*QC(JlJ2)
0251 PHASE(JlJ2)=ATAN2(QS(JlJ2),QC(Jl,J2))*57.295779513
0252 IF (PHASE(J1,J2).LT.0.) PHASE(Jl9J2)=360.+PHASE(JlJ2)
0253 IF (ISPRO.EQ.O.AND.DEPRE(JI).LE.HlO) COPL(JlvJ2,I)=-10.0*ALOG10(

>6.283*COPL(JlJ2,I)*RERHO1*RERHO1/(H1O*HS))
0254 IF (ISPRD.EQ.0.AND.OEPRE(JI).GT-H1O) COPL(JlJ2vI)=-10.0*ALOG10(

>6.283*COPL(JlJ2,I)*RERHO2*RERHO2/(HIO*HS))
0255 IF (ISPRD.EQ.1.ANO.DEPRE(Jl).LE.HIO) COPL(JlJ2I)=-10.0*ALOGl0(

>6.283*COPL(Jl,J2,I)*RERHOI*RERHO1/(HlO*HS*RAN(I)))
0256 IF (ISPRD.EQ.1.AND.DEPRE(J1).GT.H1O) COPL(JlJ29I)=-10.O*ALOG10(

>6.283*COPL(JlJ2,I )*RERHO2*RERHO2/(HIO*HS*RAN(I )))
0257 IF (ISPRD.EQ.O.AND.DEPRE(Jl).LE.HIO) PL(Jl.J2.I)=-10.0*ALOG1O(

>6.283*PL(JlJ2,I)*RERHO1*RERHOl/(H1O*HS))
0258 IF (ISPRD.EQ.0.AND.DEPRE(Jl).GT.H10) PL(JlJ2,I)=-10.0*ALOG10(

>6.283*PL(JlJ2,I)*RERHO2*RERHO2/(HIO*HS))
0259 IF (ISPRD.EQ.l.AND.DEPRE(Jl).LE.H10) PL(JlJ2,I)=-10.0*ALOG10(

>6.283*PL(J1.J2,I)*RERHO1*RERHOl/(HlO*HS*RAN(I)))
0260 IF (ISPRD.EQ.-.AND.OEPRE(JI).GT.H1O) PL(JlJ2,I)=-10.0*ALOG10(

>6.283*PL(JlJ2,I)*RERHO2*RERHO2/(HIO*HS*RAN(I)))
0261 270 CONTINUE
0262 IF (NDRE+NDSO.EQ.2) GO TO 295

C
C ********** PART 10 ********
C

DO 290 J2=01NDSO
WRITE(6,13001) 0FPSO(J2)vDEPSO(JZ)

HOCATL

0 263
02 64



MOATL SOURCE LISTING

CSN STATEMENT

0265 DO 280 Jl=lNDRE#5
0266 280 WRITE(6,14001) COPL(JlJ2,I),PHASE(JlJ2),COPL(JllJ2,I),

>PHASE(JllJ2),COPL(Jl+2,J2,I),PHASE(J1+2,J2),COPLCJ1+3,J2,I),
>PHASE(Jlt3sJ2),COPL(J1+4,J2I),PHASE(Jl+4tJ2)9
>PL(JlJ2,I),PL(JllJ2,I),PL(Jl2.J2,I),PL(JIe3,J2,I)s
>PL(J1+4,J2vI)

0267 290 CONTINUE
0268 GO TO 300
0269 295 WRITE(6,15001) COPL(ll ,I)PHASEl,1),PL(1,1,I)
0270 300 CONTINUE
0271 IF (IPLOT.EQ.0) GO TO 340

C
C ********** PART 11 **********
C

0272 DO 330 Jl=1,NDRE
0273 DO 330 J2=19NDSO
0274 CALL NXAXIS (0.,0.,0.,5.,RMXKMXLENG,-.05,.1,-1)
0275 CALL NYAXIS (XLENG,0.,DBMAX,-10.,DBMINYLENG,.05,0.,-1)
0276 CALL CNUMBR (-.1,0.,.1,DBMAX,90.9-1)
0277 CALL NYAXIS (0.,0.,DBMAX,-10.,DBMINYLENG,-.05..1,-1)
0278 CALL NXAXIS (0.,YLENGO-,5.,RMXKMXLENG,.05,0.,-1) 0
0279 IF (ISPRD.EQ.0) CALL CENTRE (-.39Y29.16,'TCRANSMISSION OLCOSS tAtN

-OMALY f((DOB)',90.,38) oo
0280 IF (ISPRD.EQ.1) CALL CENTRE (-.3,Y29.16'TCRANSMISSION fLfOSS tCMD

cB)',990.,28)
0281 CALL CENTRE (X2,-.469.16'ROANGE f(OKMW)%0.914)
0282 DO 310 I=1,NRCALC
0283 X=RAN(I)/(1000.*DX)
0284 Y=YLENG-(COPL(JlJ2,I)-DBMIN)/((DBMAX-DBMIN)/YLENG)
0285 IF (Y.GT.YLENG) Y=YLENG
0286 IF (Y.LT.0.0) Y=0.0
0287 IF (I.GT.1) GO TO 310
0288 CALL PLOT (X, Y, 3)
0289 310 CALL PLOT (X, Y, 2)
0290 DO 320 I=1,NRCALC
0291 X=RAN(I)/(1000.*DX)
0292 Y=YLENG-(PL(JlJ2,I)-DBMIN)/((DBMAX-DBMIN)/YLENG)
0293 IF (Y.GT.YLENG) Y=YLENG
0294 IF (Y.LT.0.0) Y=0.0
0295 320 CALL SYMBOL (X, Yv 0.089 2, O., 1)
0296 330 CALL ORIGIN (XLENG+2.5,0.)
0297 340 CONTINUE
0298 CALL ENDPLT
0299 END



MOATL CROSS REFERENCE LISTING

LABEL TYPE DEFN REFERENCES

90 58 52
95 115 110

100 118 109 114
110 119 87
111 131 130
112 132 126
113 141 133
115 142 120
120 146 188
125 147 145
128 155 154
129 156 153
130 164 152
150 187 179
160 189 146
170 204 201
180 205 194
200 214 206
209 215 144
210 219 215 216
215 235 232
217 242 239
220 246 236 237 241
230 247 221 234
270 261 248 249
280 266 265
290 267 263
295 269 262
300 270 142 268
310 289 282 287
320 295 290
330 296 272 273
340 297 59 271

1000 11 37 60
1001 18 41 62 167
2000 12 38 39 40
2001 19 42
3000 13 44
3001 20 43
3002 21 45
4000 14 46 47 61
4001 22 48
5000 15 67 165
5001 23 49
6000 16 68 166
6001 24 63
7000 17 75 76 169 170
7001 25 69 168
8001 26 121 176
9001 27 122 177

00 z
0

0
-Il



MOATL CROSS REFERENCE LISTING

LABEL TYPE DEFN

10001 28
11001 29
12001 30
13001 31
14001 32
15001 33

SYMBOL TYPE/USAGE

REFERENCES

220
233
240
264
266
269

REFERENCES

ABS R*4 IFN
ABSOR R*4 ARR
AIRH20 R*4 ARR
AKN R*8 ARR
ALOG10 R*4 IFN
ATAN2 R*4 IFN
ATTENC R*4 ARR
ATTENS R*4 ARR
ATTEN2 R*4 ARR
Al R*4 VAR
A2 R*4 VAR
CBS R*4 VAI
CB1 R*4 VAR
C82 R*4 VAR
CENTRE SBR
CNUMBR SBR
COMP R*4 VAR
COPL R*4 ARR

CTS R*4 VAR
CT1 R*4 VAR
CT2 R*4 VAR
Ci R*4 ARR
C2 R*4 ARR
DBMAX R*4 VAR
D8MIN R*4 VAR
DCOS R*4 IFN
DEPRE R*4 ARR

DEPSO R*4 ARR
DLTA1 R*4 VAR
DLTA2 R*4 VAR
DR R*4 VAR

DSIN R*4 IFN
DSQRT R*4 IFN
DX R*4 VAR
DY R*4 VAR

239
3
3
2

253
251

3
3
3

111
198
125
80
79

279
276

5
10'

266
124
78
77
3
3

44
44

244
10

258
10

113
200
50

228
243
238
44
44

96
98
6

254

92
94
90

112
199
192
125
150
280

68
250
266
191
124
149
75
76
45
45

47
259
46

117
203

97 184
99 185
88 89

255 256

93 182
95 183
91 181

113 115
200
231
150
172
281

166
253
266
230
149
171
77

170

192
192

253
269

180
257 258 259 260

116 117 127 128 129 195 196 197

0c
00

192

254 254 255 255 256 256 266 266
284

191 191
191
78 79 80 169 171

56 275 276 277 284 292
56 275 277 284 284 292

49 110 111 115 240 253
260
48

118

51 143 146 193 204 222 223 224 225 226 227

45 54
45 56

283 291

172

292

254 255 256 257

-_a

127 195 198 240 264 264
129 131 197 202



MOATL CROSS REFERENCE LISTING

SY MBO L TYPEfUSAGE REFERENCES

EIGVLI R*8 ARR
EIGVL2 R*8 ARR
FNDPLT SBR
EPSLN R*4 VAR
EPI R*4 VAR
EP2 R*4 VAR
EP3 R*4 VAR
EP4 R*4 VAR
FPS R*4 VAR
EP6 R*4 VAR
EXP R*4 IFN
F R*4 VAR
FLOAT R*4 IFN
FLUID SBR
GA R*4 ARR
GB R*4 ARR
GT R*4 ARR
Gi R*4 ARR
G2 R*4 ARR
G3 R*4 ARR
HS R*4 VAR

H1o R*4 VAR

Hl1 R*4 VAR
H12 R*4 VAR
H2 R*4 VAR
H202ND R*4 ARR
I I*4 VAR

IAI

IA2
IFIX
IFREQ
III
IN

I*4 VAR

1*4 VAR
I*4 IFN
I*4 VAR
1*4 VAR
r*4 VAR

2 10
2 10

298
4 68

38 42
38 42
38 42
64 229
65 229
66 229

235
5 61

115
83 174
10 138
10 140
10 139
10 135
10 136
10 137
123 127
260
72 110

257 257
67 69
5 71
3 67
3 100

46 46
146 146
254 254
259 259
266 266
292
112 113
154 155
199 200
53 112
59
40 83
87 88
93 94
99 100
118 118
135 135
152 155
161 162
183 183
203 203
208 209

88 134
89 157

69 166
43 64
43 65
43 66

157 207 207
180 207

168

63 64 65 66 230 231

211
213
212
208
209
210
190

111
258
71

148
69

101
47

189
255
259
266

226
228
227
223
224
225
195

115
258
72
165
115
186
47

217
255
260
266

198 253 254 255

253
259
123
168
165

48
220
255
260
269

253 254 254
259 260 260
148 190 190
190
168

48 49 49
220 238 245
256 256 256
260 266 266
269 282 283

116 117 118 118 118 128
155 196 197 202 202 202
203 203 203
116 128 196 199

84
88
94

100
118
136
155
162
184
203
209

174
89
95

101
118
136
157
163
184
204
209

175
89
95

101
130
137
157
163
185
206
209

90 90 91
96 96 97

102 103 104
131 131 131
137 138 138
158 158 159
179 180 180
185 186 186
207 207 207
210 210 210

256 257

255 255

142 143
245 250
257 257
266 266
284 287

129 131

91 92
97 98

105 106
131 133
139 139
159 160
181 181
201 202
207 208
210 211

258 259

256 256

143
253
258
266
290

143
253
258
266
291

131 131

92
98

107
134
140
160
182
202
208
211

93
99

108
134
140
161
182
202
208
211

00



MOATL CROSS REFERENCE LISTING

SYMBOL TYPE/USAGE REFERENCES

211
222
226
230

INC1 I*4 VAR 3
INC2 I*4 VAR 3
IPLOT I*4 VAR 44
ISPRD 1*4 VAR 38

258
J 1*4 VAR 75
Ji 1*4 VAR 109

243
251
255
259
266
292

J2 I*4 VAR 126
238
250
255
263
266

KA I*4 VAR 3
LI1 1*4 VAR 3
L12 I*4 VAR 3
MDPRNT 1*4 VAR
MGNTD I*4 PAR
NDRE I*4 VAR
NDSO 1*4 VAR
ND1 I*4 VAR
ND2 I*4 VAR
NMFREQ I*4 VAR
NMODE 1*4 VAR
NRBUr 1*4 VAR
NRCALC 1*4 VAR
NXAXIS SBR
NYAXIS SBR
Ni 1*4 VAR
NIl I*4 VAR
N12 1*4 VAR
N2 1*4 VAR
ORIGIN SBR
PHASE R*4 ARR
PL R*4 ARR

PLI7T SBR
PLOTS SBR
PLTAR R*4 ARR
PMGTD R*4 VAR

3
9

39
39
3
3

38
3

38
38

274
275

5
85
86
3

296
10
10

266
288
34
10
7

212
223
227
230
67
67
45
42

259
75

110
243
251
255
259
266

127
240
250
255
264
266
81
68
68
67
35
47
46
68
68
42
82
42
42

278
277
85

151
151
115

251
217
266
289

212
223
227
231
69
69
52
43

260
75

111
244
251
255
259
266

131
243
251
256
264
266
153

69
69

212 212
223 224
227 228
231 231
165 168
165 168
271
121 122
279 280
76 76

115 118
244 245
252 252
256 256
260 260
266 266

194 195
243 244
251 251
256 257
266 266
266 266
173
166 168
166 168

69 165 168

49
48
69
69
43
87
43
43

49 109
48 126
75 79
76 166
59

130 133
120 144
50 142

86 111 115
195
178

213 213 213 213 221
224 224 225 225 225
228 228 229 229 229
233 238 238 238 240

176

76
216
245
252
256
260
266

198
244
252
257
266
266

177

169
217
249
253
257
265
266

204
245
252
258
266
273

216 237
194 215

80 166
168 170

152 179

282 290

253

169
218
250
253
257
266
266

215
245
252
258
266
284

222 222
226 226
229 230
243 244

256 257

170 170
238 240
250 250
254 254
258 258
266 266
272 284

219 236
250 250
254 254
260 260
266 266

273

201 206 221

127 178

198

252 252 252
245 245 257
266 266 266

266 266
257 258
269 292

266 266 266 269
258 259 259 260 260

34
35

00

254 255

169 170
219 237
250 250
253 254
257 258
266 266
266 266

217 218
248 250
253 253
259 259
266 266
292

z

10

'0

249 262 265 272
236 248 262 263
168 169 172



MOATL CROSS REPERENCE LISTING

SYMBOL TYPE/USAGE REFERENCES

PPRCN R*4 VAR
PRCSN 1*4 PAR
Q R*4 VAR
QC R*4 ARR
QQ R*4 VAR
QS R*4 ARR
Q1 R*4 VAR
Q2 R*4 VAR
R$1ALA SBR
RS1AT2 SBR
RS1cCS SBR
RSlDSN SBR
RS1DSQ SBR
RSlEXP SBR
RAN R*4 ARR

RANGE1 R*4 VAR
RANGE2 R*4 VAR
RAI R*4 ARR
RA2 R*4 ARR
RB1 R*4 ARR
RB2 R*4 ARR
RE R*4 ARR
REC 1*4 PAR
REC5 I*4 PAR
RERHOl R*4 VAR
RERHO2 R*4 VAR
RHOl R*4 VAR
RH172 R*4 VAR
RHO3 R*4 VAR
RMAX R*4 VAR
RMXKM R*4 VAR
RNG 1*4 PAR
RTI R*4 ARR
RT2 R*4 ARR
RlI R*4 ARR
R12 R*4 ARR
R21 R*4 ARR
R22 R*4 ARR
R31 R*4 ARR
R32 R*4 ARR
SA R*4 ARR
SB R*4 ARR
SCALT R*4 VAR

SE R*8 ARR
SHEAR R*4 VAR
SIGO R*4 VAR
SIG1 R*4 VAR
SM R*4 ARR

7
9

242
10
229
10

238
235

10
259
68
70
10
10
10
10
10
8
8

73
74
5
5
5

38
53
8

10
10
10
10
10
10
10
10
10
10

189
212

2
3

38
38
10

36
36
243 244 245 245
218 244 244 250 250 251
230 230 231 231 232 235
219 243 243 250 250 251
239 242
242

51
260
69

145
96
97

100
101
118

10
10

253
254
67
67
67
42
54
10
98
99
90
91
92
93
94
95

106
108
190
213

10
68
42
42
131

143
283

70
146
138
161
140
163
238

o0
10

253
254
69
69
69
43
274

10
139
162
135
158
136
159
137
160
226
228
191

102
166
43
43

204

143
291
145
147
161
184
163
186

10
10

255
256
73
74

165
50

278
10

162
185
158
181
159
182
160
183
226
228
192

222

230
231
238

146

147
166
211
211
213
213

146 189 220 220 238 255 256

189 189 193 204
168 189 193 204
211

213

10

255
256
165
165
168
53

212
212
208
208
209
209
210
210
229
231
193

222

230
231

257 257 259 259
258 258 260 260
168
168

146

212

208

209

210

193 204 207 208 209 210 211

238 243 244

00
t'-)

m

z
0

0
1,



MOATL CROSS REFERENCE LISTING

SYMBOL TYPE/USAGE REFERENCES

sOc I*4 PAR 8
SOLID SBR 84
ST R*4 ARR 10
SYMBIL SBR 295
S1 R*4 ARR 10
S2 R*4 ARR 10
S3 R*4 ARR 10
TH COM 4
TITLE R*4 ARR 10
TN CON 3
TNH COM 6
TNI COM 5
TNIH COM 7
UNRMI R*4 ARR 3
UNRM2 R*4 ARR 3
WN R*8 ARR 2
X R*4 VAR 283
XLENG R*4 VAR 54
XXRI R*4 VAR 202
XXR2 R*4 VAR 203
X2 R*4 VAR 55
Y R*4 VAR 284

295
YLENG R*4 VAR 56

293
Y2 R*4 VAR 57
Zi R*4 ARR 3
Z2 R*4 ARR 3

10
175
107

103
104
105

37

118
15 5

10
288
55

204
204
281
285

57

279
765
76

10 10 10

227 227 230

223 223 229
224 224 229
225 225 229

42 43 60

10 10 10

63

118 118 131 131 131 155 202 202
203 203 203
134 207 222 230 230 231 231
289 291 295
274 275 278 296
204

0

00
A
'.0

202

285 286 286 288 289 292 293 293 294 294

275 277 278 284 284 285 285 292 292 293

280
169
170

00



SOURCE LISTING

CSN STATEMENT

0001 SUBROUTINE FLUID
flOD2 D0UbLE PRECISION TWOPIDLIHH1,DL2,HH2,SPEEDDEPTHAK1,AK2,AK3,

>AKNYCUA,PV,SMUND
0003 CVMM3X/TN/Zl(150),Ci(150),Z2(150),C2(150),ABSOR(150),ATTEN2(150),

>ATTENC(150),ATTENS(150),AIRH2O(150),H2O2ND(150),UNRM1(150,1202),
>UJNRM2(150w1202),MDPRNTINClINCZH2,LIILI2 SHEARNMllDEqKAND1 
>ND2,N2

0004 COMMON/TNI/RHOlRHO2,RHO3,H12,COMPFN1
0005 COMMON/TNHfAKN(150)
0o006 C1'M5N/NI/SOUND(1202),SPrED(1202) TWOPI,DL1 ,H1 DL2ZIH2,MATCH,

>N11PLS1,NIPLS2,NIPLS3,NlMNSIsN1MNS2,N2MNSlNTNTMNS2
0007 COmMONINIFLU/A
0008 COMM'h/NH/AKlAK2,LOOP
000S COMMON/NIH/IZERONCRYOU(1202).I,IFG
0010 COmMON/TNIH/PPRCNPsMGT
0011 DIMENSTJN LAMP(3) ,EPTHC1Z02),X(650),Y(650),MDNUP(12),LC;FPTH(2)
0012 OATA L"EPTH/' DEPq-TH '/
0013 DATA LAMP/'AMPL','TTUD'o'E'f
0014 8001 'RMAT (//.55X,'CJMPRESSIONAL VELOCITY',X,60XF10.3)
0015 9001 FORMAT (C/f/,55X,-SOUND SPEED PROFILE',//,49X,' DEPTH DEP.TH

> VEL5CITY',ft)
0016 10001 FORMAT (45X,3F11.3) x

00 0017 11001 FORMAT ) >
0018 12001 CORMAT (lHl,/35X,'MAXIMUM NUMBER OF MOCES =',T3,1OXNUMBER OF MO

>DES CALCULATED =',I3,9/)
0019 13001 cOlMAT (lHl)
0020 14001 FORMAT N'ODE NO. ='I3,5Xv'PHASE VELOCITY =',020.12) 0
0021 15001 FORMAT ( UPPER AMPLITUDES MATCHED FOR THIS PODE STARTING AT NORMA

>LIZED DEPTH =',F7.4)
0022 16001 FORMAT (' NUMBER OF ITFRATE SOLUTIONS ='.13,5X.'THE EIGENFUNCTI0N

>dAS SCALFD D0WN',I3' TIME(S)')
0023 17001 FORMAT ( LAYER 2 ATTEN RATIO = DEFAULT ZERO')
0024 18001 1RMAT ( LAYER 3 ATTEN RATI7 - DEFAULT ZERO')
00?5 19001 FORMAT ( WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN

> RATIO LAYER 3 ATTEN RATIO AIR/H20 SCATTER H2C/2ND SCA
>TTrR')

0026 20001 rRMAT (D20.12,4X,2(E11.4,13X),Ell.4,1IXEII.4,9XEll.4,ft)
00?7 21001 FORMAT (lHl,'MODE AtMPLITUDFS FOR THE SOURCE FREQUENCY OF-,F9.3,' H

>Z.'o//,' FIRST LAYER',lff)
0028 22001 FORMAT (10X,12(3XI3,'MODE'),/)
0025 23001 FORMAT (4X,2A4,12(CXv2A4,A1))
0030 24001 FIRMAT (13F10.4)
0031 25001 FORMAT (lHl,'MIIDE AMPLITUDES FOR THE SOURCE FREQUENCY 0F',F9.3,' H

>Z.',//,' SFKOND LAYER'./XX)
0032 TWIPI=6.28318530717958D0
0033 P2=(F/1000.)*(F/1000.)
0034 cPW=.1*F2/(1.+F2)+40.*F2/(4100.*F2)+7.75E-4*F2
0035 EPW=EPW*.1151292546*1.093613298E-3
0036 X(t)=Ll(l)
0037 CMTN1=Cl(l)



FLUID SOURCE LISTING

CSN STATEMENT

0038 CMAxl=cl(l)
0039 D0 20 J=7,NDI
0040 IF (Cl(J?=LT.CMINI) CMINl=Cl(J)
0041 IF (CC(J).GT.CMAXI) CMAXI=Cl(J)
0042 X(J)=Z1(J)
0043 20 Zl(J)=ZI(J)/Hl?
0044 Y(l)=Z2(1)
0045 72(1)=Zl(NDl)
0C46 CMIN2=r2(1)
0047 CMAX2=C2(1)
0048 00 30 J=2,ND2
0049 IF (C2(J).LT.CMIN2) CMIN2=C2(J)
0050 IF (C2(J).GT.CMAX2) CMAX2=C2(J)
0051 Y(J)=Z2(J)
n052 30 72(J)=72(J)/HI2
0053 CMIN=AMIN1(CCINICMIN2)
0054 WRTTE(6,8001) COMP
0055 WRITE(6,9001)
0 0 5e WRITE(6910001) (Zl(D),X(D),Cl(I)9I=19N~l) z
0057 WRITE(6,11001)
0088 WRITE(6,10001) (Z2(I),Y(I),C2(I),I=1,ND2)
0059 )DL1=0BLE(1.0)/LIl

00 0060 HHI=DLl*DL1*H12*H12 0
un 0061 9L2=DBLE(H2)fH12/LI2

0062 HH2=DL2*0L2*H12*HI12
0063 NI=LT1+1
0064 Nl 0LSI=Nl+l
0065 NlPLS2=Nl+2
0066 NIPLS3=N1+3
0067 NIMNS1=Nl-l
0068 NIMNS2=Nl-2
0069 N2=LI2+1
0070 N2MNSI=N2-1
0071 NT=NIlN2
0072 N4TNSI=NT-i
0073 NTPNS2=NT-2
0074 DEPTH(1)=0.0
0075 DEPTH(N1)=1.0
0076 DEPTH(NIPLSI)=1.0
0077 ')EPTH(NT)=DBLE(C2)/H12+1.0
0078 SPEED(l)=HHl/Cl(l)/Cl(l)
0079 SPEED(Nl)=HHl1Cl(ND1)/Cl(NDI)
00oC SPcED(N1PLS1)=HH22C2(1)/C2(1)
00E1 SPEEn(NT)=HH2/C2(N02)/C2(NO2)
00R2 K=2
0083 DO 50 INTFRP=2,NlMNS1
0084 DEPTH(INTERP)=(INTERD-1.0)*DL1
0085 KK=K
0086 DO 40 J=KKND1
0087 IF (DEPTH(INTERP).GT.ZI(J)) GO TO 40



FLUTU SOURCE LISTING

CSN STATEMENT

00QE SPrEE(INTERP)=((CC(J)-CI(J-1))*(DEPTH(INTERP)-Z1(J-1))f
)C93LE(Z1(J))-Zl(J-1)))+Cl(J-1)

0039 SlUND(INTERP)=SPEED(INTERP)
009c SPrED(tNTERP)=HHI/(SPED(INTFRP)*SPEED(INTFRP))
0091 GO TO 50
0092 40 K=K+1
00C3 5l' CONTINUE
0094 Y=2
0095 D0 70 INTERP=Nl 0 LS29NTMNSI
r096 DEPTHCINTERP)=(INTERP-1-Nl)*DL2+1.0
0097 KK=K
0098 DI 60 J=KK*ND2
0099 IF (DEPTP(INTERP).GT.Z2(J)) GO TO 60
0100 SPEED(INTERP)=((C2(J)-C2(J-1))*(OEPTH(INTERP)-ZZ(J-1))/

)CD9LE(Z2(J))-Z2(J-1)))+C2(J-1)
0101 SOUND(TNTERP)=SPEED(INTERP)
0102 SP'ED(INTERP)=HH2/(SPFED(INTERP)*SPEED(INTERP))
0103 GO TO 70
0104 60 K=K+l
0105 70 C34TINUE
0106 TZERO=0
0107 AK1=TWIPI*F/CCMP

00 010E AK3=AK1 >
ON 0109 AK2=TWzPI*F/CMIN

0110 SR'C=39.4784176*F*F/(Cl(l)*Cl(l))
0111 BaTTOM=39.4784176*F*F/(Cl(ND1)*Cl(NDI)) 0
0112 CALL IIRTF (AKI)
0113 MAXMh=NCR
0114 NKOLE=lIN0(NMODEMAXMD)
0115 MGROPS=INT(N4TODEf12.0+0.02)+1
0116 DI 350 M=1*MGRl0S
0117 T8BSF=(M-1)*12
0118 IF (M.LT.MGROPS) NIC=12
0119 IF (w.EQ.MGROPS) NIC=MOD(NmODE,12)
0120 IF (NIC.'Q.0) GO TO 350
0121 00 340 IC=1,NIC
0122 I=TBASE+IC
0123 vDNUP(IC)=T
0124 CALL HALFF
0125 5Kl=AK3
0126 AK2=AKN(I)
0127 fo=o.p
0128 0on01=D.0
0129 '0)2=0.0
013C D003=0.0
0131 EVEN=0.0
0132 EVFN1=0.0
0133 FVFN2=0.0
0134 FVFN3=0.0
0135 DO 200 J=2,NIMNS1,2



SOURCE LISTING

CSN STATEMEiNT

nl136 200 EVEN1=EVENl+YOU(J)*YOU(J)
0137 DO 210 J=3,NlMNS2,2
0138 210 IDD1=CDDl+YcU(J)*YOU(J)
013S DO 220 J=NlPLS2,NTIlNS192
0140 220 EVEN2=EVEN2+YOU(J)*YOU(J)
0141 DO 230 J=NlPLS3,NTMNS2,2
n142 230 ODf2=ODD2+YOU(J)*YOU(J)
0143 DO 234 J=2,NIMNS1,2
0144 234 EVEN3=EVEN3+YOU(J)*YOUCJ)/SOUND(J)
0145 DO 236 J=3,NlMNS2,2
0146 236 'iDD3=ODD3*YqU(J)*YOU(J)/SOUN0(J)
0147 DC 240 J=NlPLS2,NTNNS1,?
0148 240 EVEN=EVEN+Y(lUJ)*YaUC(J)/SOUND(J)
0149 DO 750 J=NlPLS3,NTMNS2.2
0150 250 CDD=ODD+YOU(J)*YOU(J)/SOUND(J)
0151 AII=RHIO1*(DL1/3.0)*(YOU(I)*YOUCI)+4.0*EVEN1+2.0*ODD1 YOU(Nl )*

>YOU(Nl))
0152 AI2=RH02*(DL2/3.0)*(YOU(Nl+l)*YOU(Nl+i)+4.0*EVEN2+2.0*ODD20+

>YlU(NT)*YOU(NT))
0153 A13=PHC2*RHb2*YOU(NT)*YOU(NT)/RHO3/2.0/DSQRT(A)
0154 A14=RH02*(DL2/3.0)*(YOU(Nl+i)*YOU(Nl+l)/C2(1)+4.0*EVEN+2.0*ODD*

>YlUCNT)*YaU(NT)/C2(ND2))00~~~~~~~~~~~~~~~~~~~~~~~~~~~~~°° 0155 415=RHOl*(DLI/3.0)*(YOU(I)*YOU(1)/Cl(l)+4.0*EVEN3+2.0*ODD3+ 0
>Y3U(Nl)*YOU(Nl)/C1(NDI)) H

0156 AI=AIIZA!2*A13 cc
0157 ANoRM=SQRT(1.0/AI)
0158 DO 260 J=1.NT
0159 'F (XA.EQ.0) UNRrn1(IqJ)=YOU(J)*ANORM
0160 IF (KA.EQ.1) UNRM2CIJ)=YOU(J)*ANORM
0161 260 CONTINUE
0162 I' (KA.EQ.1) GO TO 270
0163 YNMl=UNRMl(,I1)
0164 YNM2=UNRMlCI,2)
0165 YNM3=UNRMI(I,3)
0166 YNM4=UNRMl(INl)
0167 YNM5=UNRM1(INlPLSI)
0168 YNM6=UNRMl(I,NIPLS2)
0169 YNM7=UNRml(IgNlPLS3)
0170 GO TO 275
0171 270 YNMI=UNRM2(Il)
0172 YNmZ=UNRM2(I92)
0173 YNM3=UNRM2(1,3)
0174 YNM4=UNRM2(I,N1)
0175 YNM5=UNRM2(I,NlPLS1)
0176 YNM6=UNRM2(INlPLS2)
0177 YNM7=UNRM2(ItNlPLS3)
0178 275 DY'UA=(-3.*YNMI+4.*YNM2-YNM3)/(2.*DLI)
017S DYOUB=(-3.*YNM5+4.*YNM6-YNMT)/(2.*DL2)
0180 AKN2=AKN(I)*AKN(I)
0181 IF (SRFC-AKN2.GT.PPRCN) GO TO 280

FLU IT



SOURCE LISTING

CSN STATEMENT

0182 AIRH23(1)=0.0
0183 GO TO 290
f184 230 A[RH2O(I)=RHOI*DYOUA*DYOUA/(4.*AKN(I)*Hl2**3*SQRT(SRFC-AKN2))
0185 290 IF CBOTTl"-AKN2.GT.PPRCN) GO TO 300
0186 H212ND(I)=0.0
0187 GO TO 310
0188 300 H272ND(I)=R14Ol*SQRT(8OTTOM-AKN2)*(YNM4*YNM4+DYOU8*

>DYIUB/(Hl2*1I2*(BCTTIM-AKN2)))/(4.0*AKN(I)*H12)
018S 310 PV=TWOPI*F/AKN(l)
0190 IF (AI4.GT.AIIPMGTD) GO TC 313
0191 AI4=o.
0192 313 ATTEN2(I)=6.2831853*F*AI4/(AKN(I)*AI)
0193 IF (AI3.GT.AI/PMfTD) GO TO 315
0194 A13=0.
nl195 315 ATTENC(I)=6.2831853*F*AI3/(COMP*AKN(I)*AI)
0196 ATTENS(I)=O.O
0197 bBSOR(I)=6.2831853*F*AI5*EoW/(AKN(I)*AI)
0198 IF (IC.GT.1) GO TO 330
0199 WRITE(6,12001) MAXMDANMODE
0200 330 IF (MOD(ICv7).FQ.0) WRITE(6,13001)
0201 WRTTE(6,14001) IPV t
0202 IF (IZERO.EQ.2) WRITE(6,15001) DEPTH(MATCH)

00 0203 WRITF(6,16001) LlOPIFG
0204 IF (AI4.LE.AI/PMGTD) WRITE(6t17001)
0205 IF (AI3.LE.AI/0 MGTD) WRITE(6,18001)
0296 WRTTE(6,19001) 0
0207 kRITEC6920001) AKN(I) AiBSOR(I),ATTEN2(I)ATTENC(I),AIRHZO5(),

->2¶72ND(I)
0208 140 CONTTNUE
0209 IF (MOPRNT.EQ.0) GO TO 350
0210 WRTTE(6,21001) F
0211 WRITE(6922001) (C0NUM(K),K=INIC)
0212 WRTTF(6,23001) LDEPl,(LAMPC),LAMP(2),LAMPC3),K=1,NIC)
0213 I1=IBASE+l
0214 INIC=IBASE*NIC
0215 DO ?45 J=1091,INC1
0216 IF (KA.EQ.0) WRITE(6,24001) DEPTH(J)t(UNRM1(K9J)K=Il1INIC)
0217 TF (KA.EQ.1) WRITE(6,24001) DEPTH(J),(UNRM2(KtJ),K=IltIrC)
0218 345 CONTINUE
0219 WRITE(6925001) F
0220 WRTTE(6,22001) (VDNUM(K),K=1.NIC)
0221 WRITF(6923001) LDEPTH,(LAMP(l),LAMP(2),LAMP(3).K=l.NIC)
0222 00 349 J=NlPLSl1NTINC2
0223 IF (KA.EQ.0) WRITE(6924001) DEPTH(J),(UNRMl(KJ),K=Il1INIC)
0224 TF (KA.EQ.1) WRITE(6,24001) OEPTH(J),(UNRM2(K.J).K=IlTNTC)
0225 349 CONTINUE
0226 350 CONTINUE
0227 RETURN
0226 PNO

PLU ID



FLUID CRCSS REFERENCE LISTING

LABFL TYPE DEFN REFERENCES

87
91
99

103

z

0
HN
00
$.

120 209

58

220
221
217 223 224

00

20n
30
40
s0
6C
To

200
210
220
230
234
236
240
250
260
270
275
280
290
300
310
313
315
3 3C
340
345
349
350

8001
9001

10091
11001
12 0 0 1
1300 1
14001
15001
1600 1
17001
180l1
19001
20001
21001
22001
23 00 1
2400 1
25001

423
5 2
92
93

104
105
136
138
140
142
144
146
14d
150
161
171
178
184
185
188
189
192
195
200
208
218
225
226

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

39
48
86
83
98
95

135
137
139
141
143
145
147
149
158
162
170
181
183
185
187
190
193
198
121
215
222
116
54
55
56
57

199
200
201
202
203
204
205
206
207
210
211
212
216
219



FLUID CROSS REFERENCE LISTING

SYP8tL TYPE/USAGE REFERENCES

A R*8 VAR
48SCR R*4 ARR
a I R *4 VAR
AIRH20 R*4 APR
Ail R*4 VAR
Al? R*4 VAR
A13 R*4 VAR
A14 Q*4 VAR
A15 R*4 VAR
AKN R*8 ARR
AKN2 R*4 VAR
AK1 R*8 VAR
AK2 P*8 VAR
4K3 R*8 VAR
AMTN1 R*4 IFN
!.NIRM R*4 VAR
ATTENC R*4 A2R
ATTENS R*4 ARR
ATTEN2 R*4 ARR
BOTTIM R*4 VAR
CMAX1 R*4 VAR
CMAX2 R*4 VAR
CMTN R*4 VAR
CMINI R*4 VAR
CYTN2 R*4 VAR
C OMP R*4 VAR
cl *4 ARR

C2 R*4 ARR

0bLE R*4 IFN
DEOT4 R*8 AYR

nL 1 R*8 VAR
DL? Q*P VAR
DSQRT R*4 IFN
DYOUA R*4 VAR
DYWI8 R*4 VAR
Fpw R*4 VAR
FVFN R*4 VAR
EVENI R*4 V8R
EVE1N2 R*4 VAR
FVFN1 R*4 VAR
F R*4 VAR

FLUID R*& ENT
F2 R*4 VAR
HALF- S8R
1H I R*q V AR
HH2 R*8 VAR

2
3

1536
3

151
152
153
154
155

2
180

2
2
2

53
1537

3
3
3

111
38
47
si3
37
46

4
3
88
3

100
59

2
202

2
2

153
178
179

34
131
132
133
134

4
197

1
33

124
2
2

7
197
157
182
156
156
156
190
197

5
181

8
8

108

153
207
190
184

192 193 195 197 204 205
207

193 194 195 205
191 192 204

126
194
107
109
1?5

180 180 184 188 189 192 195 197 207
185 188 188
108 112 125
126

159 160
195 207
196
192
185

41
50

109
40
49
54
37
88
46

100
61
11

216
6
6

184
188
35

148
136
140
144
33

210

34

6
6

207
188

41
50

40
49

107
38
88
47

100
77
74

217
59
61

184
188

35
148
136
140
144
33

219

188

53
53

195
40 40

110 110
49 49

154 154
88 100
75 76

223 224
60 60
62 62

41 41
111 111
50 50

56 78
155 155
58 80

77 84 87 88

84 151 155 178
96 152 154 179

78 79 79

80 81 81

96 99 100

197
154
151
152
155
107 109 110 110 ill 111 189 192 195

34 34

60 78
62 80

34 34

79 90
81 102

CD z
0
-n



FLUTO CROSS REFERENCE LISTING

SY M8CL TYPE/USAGE REFERENCES

HI? R*4 VAR 4
100

H2 P*4 VAR 3
H272NO R*4 ARR 3
T T*4 VAR 9

1F9
174
189
207

IBISI 1*4 VIR 117
IC 1*4 VAR 121
IFG 1*4 VAR 9
INC1 I*4 VAR 3
TNC2 1*4 VAR 3
INIC 1*4 VAR 214
TNT 1*4 I9N 115
INTERP 1*4 VAR 83

96
ITRIF S3R 112
TZFR1 I*4 VAR 9
T1 1*4 VAR 213
J T*4 VAR 39

50
88

136
144
150
222

K T*4 VAR 82
216

KA T*4 VAR 3
KK I*4 VAR 85
LAMP 1*4 ARR 11
LDOPTH T*4 ARR 11
LIl T*4 VAR 3
LI2 1*4 VAR 3
L9P 1*4 VAR 8
M T*4 VAR 116
'ATCH 1*4 VAR 6
MAXPO 1*4 VAR 113
MDNUM 1*4 ARR 11
mDPRNT 1*4 VAR 3
MGRCPS 1*4 VAR 115
MINO 1*4 IFN
oD) 1*4 IFN

NCR 1*4 VAR
NDt 1*4 VAR
N02 1*4 VAR
N F Com
NI CIm

114
119

9
3
3
8
6

43 52 60 60 61 62 62 77 184 188 188

61
186
56

160
175
192
207
122
122
203
215
222
216

77
188
56

163
176
192
207
213
123

207
56

164
177
195

214
198

56 58 58
165 166 167
180 180 182
195 196 197

58 58
168 169
184 184
197 201

200

217 223 224

84 84 87
96 99 100

106
216

40
50
88

137
144
150
223
85

217
159

86
13
12
59
61

203
117
202
114
1?3
209
116

200
113
39
48

202
217
40
51
98

138
145
158
223
92

217
160

97
212
212

63
69

118

199
211

119

223
41
51
99

138
146
159
224

92
220
162
98

212
221

88
100

224
41
52

100
139
146
159
224

94
220
216

212

88
101

42
52

100
140
146
160

97
221
217

221

89
101

42
86

100
140
147
160

104
223
223

221

89
102

90 90
102 102

43 43 48
87 88 88

100 100 100
141 142 142
148 148 148
215 216 216

104 211 211
223 224 224
224

221

49 49
88 88

135 136
143 144
149 150
217 217

212 216

119

220

119

45 56 79 79 86 111
58 81 81 98 154

'IO

122 123 126
171 172 173
186 188 188
207 207 207

90 95

z

p
p

00'0

l1l 155



FLUID CROSS REFERENCE LISTING

SYM3CL TYPE/USAGE REFrERENCFS

NIC 1*4 VAR
NIFLU COm
NIM C
NMOoF I*4 VAR
NT T*4 VAR

NTMNS1 I*4 VAR
NTMNS2 T*4 VAR
N1 1*4 VAR

NIMNSl 1*4 VAR
N14NS2 I*4 VAR
N1PLS1 I*4 VAR
NlPLS2 1*4 VAR
NlOLS3 I*4 VAR
N2 I*4 VAR
N2MNSI 1*4 VAR
IDI R*4 VAR
ccnil R*4 VAR
(DDD2 R*4 VAR
IDD3 P*4 V R
PY1GTD R*4 VAR
PPRCN R*4 VAR
DV Q*R VAR
RSIDSQ SBR
Q SISQR SF3R
QW-1l R*4 V iR
RhO2 R*4 VAR
QH '3 P*4 VAR
SHEAR R*4 VAR
SOUND R*P ARR
SPEED R*B ARR

SQRT R*4 IFN
SRFC P*4 VAR
TN COM
TNM C'
TNT COM
TNIHI CiM
TINPT R*R VAR
UNRMt P*4 ARR
UNRM2 R*4 ARR
X R*4 ARR
Y R*4 ARR
VNM1 R*4 VAR
YN"2 R*4 VAR
YNM3 R*4 VAR
YNM4 R*4 VAR
YNM5 R*4 VAR
YN'h R*4 VAR

118 119 120 121 211 212 214 220 221

9
3
6

158
72

6
4

151
6
6
6
6
6
3
6

127
128
129
130

tO
10

2

114
71

222
95
73
63

152
67
68
64
65
66
69
70

150
138
142
146
190
181
199

4 151
4 152
4 153
3
2
2

101I

3

4
1 0

2
3
3

11
1 1

163
164
165
166
167
168

6
6

102
184
181

6
159
160

36
44

171
172
173
174
175
176

114 115 119 199
72 73 77 81 152 152 153 153 154 154

139
141

64
152

83
137

76
95

141
70

150
138
142
146
193
185
201

147
149

65 66 67 68 71 75 79
154 154 155 155 166 174 215
135 143
145

80 167 175 222
139 147 168 176
149 169 177
71

154
151
152
155
204 205

155 184 188
153 153 154

89
78

102
188
184

32
163
171
42
51

178
178
178
188
179
179

90 90 90 100

107 109 189
164 165 166 167 168 169 216 223
172 173 174 175 176 177 217 224
56
58

188

'D

96 151

tn

z

0

101 144 146 148 150
79 80 81 88 89

102
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SOURCE LISTING

CSN STATEMENT

0001 SUBROUTINE ITRTF (AKN)
0002 DOUBLE PRECISION OMEGA2,TWOPIAHH2,AKNYOUSPEEDDL2,PPLUS1,,

>PMNSIlBDLl1HHIUMAXUABVLSOUND
0003 COMMON/TNI/RHO1.RHO2,RHO3,H122COMPFNI
0004 COMMON/NI/SOUND(1202),SPEED(1202).TW(OPIDL1,HH1,DL2,HH2,MATCH,

>NIPLSlN1PLS2,NIPLS3,N1MNSINlMNS2,N2MNSl1NTNTMNS2
0005 COMMON/NIFLU/A
0006 COMNON/NIH/IZERONCRYOU(1202),IIFG
0007 C0MMON/TNIH/PPRCNPMGTD
0008 COMMON/IH/UMAX
0009 MATCH=0
0010 IF (IZERO.NE.I) GO TO 10
0011 DO 6 J=3,NIMNS2
0012 IF (TWOPI*F/SOUND(J).LT.AKN) GO TO 6
0013 MATCH=J
0014 GO TO 10
0015 6 CONTINUE
0016 DO 8 J=N1PLS3,NTMNS2
0017 IF (TWOPI*F/SOUND(J).LT.AKN) GO TO 8
0018 MATCH=J
0019 GO TO 10
0020 8 CONTINUE X
0021 MATCH=NTMNS2 >
0022 10 NCR=0 Z
0023 IFG=0 t
0024 OMEGA2=TWOPI*TWOPI*F*F
0025 A=DABS(HH2*(AKN*AKN-OMEGA2/(DBLE(COMP)*COMP))) r
0026 YOU(NT)=DBLE(RHO3)/RHO2
0027 YOU(NT-1)=YOU(NT)+DSQRT(A)-TOU(NT)*(OMEGA2*SPEED(NT)-HH2*AKN*AKN)/

>2.0
0028 UMAX=DMAX1(DABS(YOU(NT)),DABS(YOU(NT-1)))
0029 A=A/(DL2*DL2)
0030 DO 31 J=2,N2MNS1
0031 NTMJ=NT-J
0032 PPLUSI=12.0+*MEGA2*SPEED(NTMJ)-HH2*AKN*AKN
0033 P=24.0-10.0*(OMEGA2*SPEED(NTMJ+1)-HH2*AKN*AKN)
0034 PMNS1=12.0o+aMEGA2*SPEED(NTMJ+2)-HH2*AKN*AKN
0035 YOU(NTMJ)=(P/PPLUS1)*YOU(NTMJ+l)-(PMNSI/PPLUSI)*YOU(NTMJ+2)
0036 UABVL=DABS(YOU(NTMJ))
0037 IF (UABVL.GT.UMAX) UMAX=UABVL
0038 IF (DSIGN(1.D00YOU(NTMJ))*YOU(NTMJ+1).LE.0.) NCR=NCR+1
0039 IF (UABVL.LT.PMGTD) GO TO 22
0040 DO 21 JD=NTMJNT
0041 IF (DABS(YOU(JD)).LT.l.D0) YOU(JD)=O.
0042 21 YOU(JD)=YOU(JD)/PMGTD
0043 UMAX=UMAX/PMGTD
0044 IFG=IFG*1
0045 22 IF (NTMJ.EQ.MATCH) GO TO 131
0046 31 CONTINUE
0047 8=(3.0*YOU(NlPLSI)-4.0*YOU(NIPLSI+l)+YYU(NIPLSI+2))/(2.0*DL2)



ITRTF SOURCE LISTING

CSN STATEMENT

0048 YOU(Nl)=RHO2*YOU(NlPLS1)fRHOl
0049 YOU(Nl-l)=YOU(Nl)+DL1*B-YOU(Nl)*(OMEGA2*SPEED(N1)-HHl*AKN*AKN)/2.0
0050 IF (OABS(YOU(Nl)).GT.UMAX) UMAX=DABS(YOUC(Nl))
0051 IF (DABS(YOU(Nl-1)).GT.UMAX) UMAX=DABS(YOU(Nl-l))
0052 IF (DSIGN(1.DD0,YU(Nl))*YOU(N1-1).LE.0.) NCR=NCR+1
0053 DO 121 J=29NlMNSl
0054 NlMJ=Nl-J
0055 PPLUSl=12.0+OMEGA2*SPEED(NIMJ)-HH1*AKN*AKN
0056 P=24.0-10.0*(OMEGA2*SPEED(NlMJ+l)-HHl*AKN*AKN)
0057 PMNSI=12.0+OMEGA2*SPEED(NlMJ+2)-HHI*AKN*AKN
0058 YOU(NIMJ)=(P/PPLUSI)*YOU(N1MJ+1)-CPMNS1/PPLUS1)*YOU(NlMJ+2)
0059 UABVL=DABS(YOU(N1MJ))
0060 IF (UABVL.GT.UMAX) UMAX=UA8VL
0061 IF (DSIGN(l.DOYOU(NlMJ))*YOU(NIMJ+1).LE.O.) NCR=NCR+1
0062 IF (UABVL.LT.PMGTD) GO TO 51
0063 DO 41 JD=N1MJNT
0064 IF CDABS(YOU(JD)).LT.1.D0) YOU(JD)=0.
0065 41 YOU(JD)=YOU(JD)/PMGTD
0066 UMAX=UMAX/PMGTD z
0067 IFG=IFG+1
0068 51 IF (NlMJ.EQ.MATCH) GO TO 131
0069 121 CONTINUE
0070 GO TO 151

(-.n 0071 131 IZERO=2
0072 YOU(1)=0.0 x
0073 YOU(2)=DSQRT(HH1)*1.D-10 P
0074 DO 135 J=3,N1
0075 PPLUS1=12.0+0MFGA2*SPEED(J)-HH1*AKN*AKN
0076 P=24.0-10.0*(OMEGA2*SPEED(J-I)-HHl*AKN*AKN)
0077 PMNSI=12.0+OMEGA2*SPEED(J-2)-HHI*AKN*AKN
0078 PPLUSI=(P/PPLUS1)*YOU(J-1)-(PMNSI/PPLUS1)*YOU(J-2)
0079 IF (J.EQ.MATCH) GO TO 148
0080 YOU(J)=PPLUSI
0081 IF (DABS(YOU(J)).LT.PMGTD) Go To 135
0082 DO 133 JD=2,J
0083 IF (DABS(YOU(JD)).LT.1.D0) YOU(JD)=0.0
0084 133 YOU(JD)=YOU(JD)/PMGTD
0085 135 CONTINUE
0086 B=(-3.0*YOU(CNMNS2)+4.0*YOU(NlMNSI)-YOU(Nl))/(2.0*DLI)
0087 YOU(NIPLSI)=RHO*lYOU(Nl)IRHO2
0088 YOU(NlPLS2)=YOU(NlPLSI)+DL2*B-YOU(NlPLS1)*

>(OMEGA2*SPEED(NIPLSI)-HH2*AKN*AKN)/2.0
0089 DO 145 J=NlPLS3,NTMNS2
0090 PPLUS1=12.0+OMEGA2*SPEED(J)-HH2*AKN*AKN
0091 P=24.0-10.0*(OMEGA2*SPEED(J-1)-HH2*AKN*AKN)
0092 PMNS1=12.0+0MEGA2*SPEED(J-2)-HH2*AKN*AKN
0093 PPLUSI=(PPPLUS1)*YOU(J-1)-(PMNSI/PPLUSI)*YOU(J-2)
0094 IF (J.EQ.MATCH) GO TO 148
0095 YOU(J)=PPLUS1
0096 IF (DABS(YOU(J)).LT.PMGTD) GO TO 145



ITRTF SOURCE LISTING

CSN STATEMENT

0097 DO 143 JD=2,J
0098 IF CDABS(YOU(JD)).LT.l.D0) YOU(JD)=0.0
0099 143 YOU(JD)=YOU(JD)/PMGTD
0100 145 CONTINUE
0101. GO TO 151
0102 148 JMNSI=J-1 >
0103 DO 149 JD=2,JMNS1 z
0104 YOU(JD)=(YOU(JD)/PPLUS1)*YOU(MATCH)
0105 IF (DABS(YOU(JD)).LT.l.IPMGTD) YUU(JD)=0.0 0
0106 149 CONTINUE r
0107 151 CONTINUE
0108 RETURN
0109 END



ITRTF CROSS REFERENCE LISTING

LABEL TYPE DEFN REFERENCES

6
8

121
22
31
41
51

12 1
1 31
133
135
143
145
148
149
151

15
20
22
42
45
46
65
68
69
71
84
85
99

100
102
106
107

SYMBOL TYPE/USAGE

11
16
io
40
39
30
63
62
53
45
82
74
97
89
79

103
70

12
17
14

68

81

96
94

101

REFERENCES

A R*8 VAR
AKN R*8 DAR

B
COMP

DOL1DLI
DL2
DMAX1
DSIGN
DSQRT
F
H11
HH2
H12
I
IFG
1H
ITRTF
IZERO
J

R*8 VAR
R*4 VAR
R*4 IFN

R*4 IFN
R*8 VAR
R*8 VAR
R*4 TFN
R*4 IFN
R*4 IFN
R*4 VAR
R*8 VAR
R*8 VAR
R*4 VAR
1*4 VAR
1*4 VAR

C OM
1*4 ENT
1*4 VAR
1*4 VAR

JD 1*4 VAR

2
1

34
76
z
3
25
83
25
2
2

28
38
27
3
2
2
3
6
6
8
1

5
2

34
76
47
25
28
96
26
4
4

52
73
12
4
4

25
12
49
77
49
25
28
98

27 29
17 25
49 55
77 88
86 88

36
10 5

49 86
29 29

29
25
55
88

27 27 32 32 33 33
56 56 57 57 75 75
90 90 91 91 92 92

41 50 50 51 51 59 64 81

47 88

61

17 24 24
49 55 56
25 27 32

57 73 75 76 77
33 34 88 90 91 92

23 44 44 67 67

6 10
11 12
76 77
93 93
40 41

71
13 16 17 18
78 78 79 80
94 95 96 97
41 42 42 63

30 31 53 54 74 75
81 82 89 90 91 92

64 65 65 82 83
102
64

i9

-_a

z

p
p
00



ITRTF CROSS REFERENCE LISTING

SYM80L TYPE/USAGE REFERENCES

JMNS1 1*4 VAR
MATCH T*4 VAR
NCR 1*4 VAR
NI CON
NIFLU cam
NIH COM
NT 1*4 VAR
NTMJ I*4 VAR
NTMNS2 1*4 VAR
Ni I*4 VAR

N1YJ 1*4 VAR
NlMNSI I*4 VAR
NlMNS2 1*4 VAR
NIPLSl 1*4 VAR
NHPLS2 1*4 VAR
NlPLS3 I*4 VAR
N2MNS1 1*4 VAR
OMEGA2 R*8 VAR

P R*8 VAR
PMGTD R*4 VAR
PMNS1 R*8 VAR
PPLUS1 R*8 VAR

PPRCN R*4 VAR
R$lDSQ SBR
RHOl R*4 VAR
RHO2 R*4 VAR
RHO3 R*4 VAR
SOUND R*8 ARR
SPEED R*8 ARR

TNI C O
TNIH COM
TWUPI R*8 VAR
UA8VL R*8 VAR
UMAX R*8 VAR

YOU R*8 ARR

83
105
102

4
6
4
5
6
4

31
4
3

54
54
4
4
4
4
4
4
2

76
2
7
2
2

90
7

3
3
3
2
2
77
3
7

84 84 97 98 98 99 99 103 104 104 105

103
9

22

26
32
16
48
74
55
53
11
47
88
16
30
24
77
33
39
34
32
93

13 18 21 45 68 79
38 38 52 52 61 61

27
33
21
49
86
56
86
86
47

94 104

27 27 27 28 28 31 40 63
34 35 35 35 36 38 38 40
89
49 49 49 50 50 51 51 52
87
57 58 58 58 59 61 61 63

47 48 87 88 88

89

25 27 32 33
88 90 91 92
35 56 58 76
42 43 62 65
35 57 58 77
35 35 55 58
93 93 95 104

48 87
26 48
26
4
4

88

34 49 55

78 91 93
66 81 84
78 92 93
58 75 78

45

52

68

88

I:-

m
56 57 75 X

z
96 99 105 0

78 78 80 °

87

12 17
27 32
90 91

2 4 12
2 36 37
2 8 28

60 66 66
2 6 26

38 38 41
49 49 50
61 61 64
83 83 84
93 93 95
105

33
92

17 24 24
37 39 59
37 37 43

34 49 55 56 57 75 76

60 60 62
43 50 50

27 27 27 28 28 35
41 42 42 47 47 47
50 51 51 52 52 58
64 65 65 72 73 78
84 86 86 86 87 87
96 98 98 99 99 104

51 51 60

35
48
58
78
88

104

35
48
58
80
88

104

36
49
59
81
88

105

00



SOURCE LISTING

CSN STATEMENT

0001 SUBROUTINE HALFF
0002 DOUBLE PRECISION AK1,AK2,ANEWAKZKsYOUAKNLAKNRZL,ZRAR1,AL1,

>ZRlZLlZNEWAKAAKNUMAX
0003 CO4MON/TNH/AKN(150)
0004 COMMON/TH/EPSLN
0005 COMMON/NH/AK1,AK29LOUP
0006 COMMON/NIH/IZERONCRYOU(1202)1I IFG
0007 COMMONfTNIH/PPRCNvPMGTD
0008 COMMON/IH/UMAX
0009 DIMENSION AK(2)ZK(2)

C
C ********** PART 1 **********
C

0010 IZERO=0
0011 LOUP=0
0012 DO 52 K=192
0013 J=I+1-K
0014 IF (K.EQ.2) GO TO 12 z
0015 CALL ITRTF CAKI)
0016 LOOP=LOfP+l
0017 NA1=NCR
0018 CALL ITRTF (AK2)
0019 LOOP=LOOP+1
0020 NA2=NCR
0021 12 ANEW=((AK2-AKI)*CJ-NAI)/CNA2-NAI))*AKI 1
0022 CALL ITRTF (ANEW)
0023 LOOP=LOOP*l
0024 IF (NCR.EQ.J) GO TO 42
0025 IF (NCR.GT.J) GO TO 32
0026 AK2=ANEW
0027 NAZ=NCR
0028 GO TO 12
0029 32 AK1=ANEW
0030 NA1=NCR
0031 GO TO 12
0032 42 AK(K)=ANEW
0033 IF CK.EQ.1) IPI=IFG
0034 IF (K.EQ.2) IP2=IFG
0035 52 ZK(K)=YOU(l)
0036 AKNL=AK(1)
0037 AKNR=AK(2)
0038 ZL=ZK(1)
0039 ZR=ZK(2)

C
C ********** PART 2 **********
C

0040 ICLSIN=O
0041 62 ICLSIN=ICLSIN+1
0042 IF (ICLSIN.EQ.20) GO TO 112
0043 ARl=AKNR-(l.E-12)



HALFF SOURCE LISTING

CSN STATEMENT

0044 ALI=AKNL+(1.E-12)
0045 CALL ITRTF (ARl)
0046 IP4=IFG
0047 ZRI=YOU(l)
0048 CALL ITRTF (ALI)
0049 IP3=IFG
0050 64 IF CIP1-IP3) 66,70,68
0051 66 IF (DABS(ZL).LE.l.D0) ZL=O.
0052 ZL=ZLIPMGTD
0053 IPl=IPI~l
0054 GO TO 64
0055 68 IF (DASSCZLl).LE.l.DO) ZL1=0.
0056 ZLl=ZLl/PHGTD
0057 IP3=IP3+1
0058 GO TO 64
0059 70 CONTINUE
0060 72 IF (IPZ-IP4) 74.78976
0061 74 IF CDABSCZR).LE.1.DO) ZR=0.
0062 ZR=ZR/PMGTO
0063 IP2=IP21r
0064 GO TO 72
0065 76 IF (DABS(ZRI).LE.l-D0) ZR1=0.
0066 ZRl=ZRI/PMGTD z
0067 IP4=IP4+1
0068 GO TO 72
0069 78 ZLl=YOU(l) 0
0070 IF (DABS(ZRl).GT.DA8S(ZR)) GO TO 82
0071 IF (DABS(ZLl).LE.DABS(ZL)) GO TO 122
0072 82 ANEW=(AKNR*AKNL)/2.0
0073 CALL ITRTF (ANEW)
0074 ZNEW=YOU(1)
0075 IF (NCR.NE.I) GO TO 102
0076 AKNL=ANEW
0077 IPI=IFG
0078 ZL=ZNEW
0079 GO TO 62
0080 102 AKNR=ANEW
0081 IP2=IFG
0082 ZR=ZNEW
0083 GO TO 62

C
C ********* PART 3 *********
C

0084 112 IF (IP1-IP2) 117,119,118
0085 117 IF (DA8S(ZL).LE.1.D0) ZL=0.
0086 ZL=ZL/PHGTD
0087 IPl=IPlul
0088 GO TO 112
0089 118 IF (DABS(ZR).LE.1.00) ZR=0.
0090 ZR=ZR/PMGTD



HALFF SOURCE LISTING

CSN SfATEMENT

0091 IP2=IP2+1
0092 GO TO 112
0093 119 AKA=AKNL+(ZL*(AKNR-AKNL))/(ZL-ZR)
0094 FLOG=1.0
0095 GO TO 132
0096 122 AKA=(AKNL+AKNR)/2.0
0097 FLOG=2.0
0098 132 CALL ITRTF (AKA)
0099 LOOP=LOOP+1
0100 EPLON=EPSLN*UMAX
0101 IF (DABS(YOU(I)).GT.EPLON) GO TO 162
0102 IF (DABS(AKNL-AKA).LE.1.E-12) GO TO 222
0103 IF (OACS(AKNR-AKA).LE.I.E-12) GO TO 222
0104 162 IF (NCR.NE.I) GO TO 192
0105 IF (DABS(AKNL-AKA).LE.PPRCN) GO TO 212 0
0106 IP1=IFG l
0107 ZL=YOU(l)
0108 AKNL=AKA
0109 IF (FLOG.GT.l.5) GO TO 112
0110 GU TO 122
0111 192 IF (DABS(AKNR-AKA).LE.PPRCN) GO TO 212
0112 IP2=IFG
0113 ZR=YOU(I)
0114 AKNR=AKA
0115 IF (FLOG.GT.1.5) GO TO 112
0116 GO TO 122
0117 212 IZERO=l
0118 CALL ITRTF (AKA)
0119 222 AKN(I)=AKA
0120 RETURN
0121 END



HALFF CROSS REFERENCE LISTING

LABEL TYPE DEFN REFERENCES

12
32
42
52
62
64
66
68
70
72
74
76
78
82

102
112
117
118
119
122
132
162
192
212
222

21 14
29 25
32 24
35 12
41 79
50 54
51 50
55 50
59 50
60 64
61 60
65 60
69 60
72 70
80 75
84 42
85 84
89 84

84
71
95

101
104
105
102

93
96
98

104
ill
117
119

SYM8OL TYPEfUSAGE

28 31

83
58

68

88 92 109 115

110 116

111
103

REFERENCES

AK R*8 ARR
AKA R*8 VAR
AKN R*8 ARR
AKNL R*8 VAR
AKNR R*8 VAR
AKI R*8 VAR
AK2 R*8 VAR
ALI R*8 VAR
ANEW R*8 VAR
AR1 R*8 VAR
DABS R*4 IFN

EPLON R*4 VAR
EPSLY R*4 VAR
FLOG R*4 VAR
HALFF R*4 ENT
T 1*4 VAR
ICLSIN I*4 VAR
IFG 1*4 VAR

2
2
2
2
2
2
2
2
2
2

51
103
100

4
94
1

9 32
93 96
3 119

36 44
37 43
5 15
5 18

44 48
21 22
43 45
55 61

105 111
101
100
97 109

6 13 75
40 41 41

6 33 34

36 37
98 102 103 105 108 111 114 118 119

72 76
72 80
21 21
21 26

93 93 96 102 105 108
93 96 103 111 114
29

26 29 32 72 73 76 I0

65 70 70 71 71 85 89 101 102

115

104 119
42
46 49 7T 81 106 112

0



53
63
57
67
45

25
32
16
30

77 84 87 87 106
81 84 91 91 112

48 73 98 118

33 34 35
19 19 23

24 25 27 30 75 104

56 62 66 86 90

47 69
38 39
51 52

56
82
61

65

74 101 107 113

52 71 78 85 85 86 86

56 69 71

62 62

66 66

70 82 89 89 90 90

70

HALFF CROSS REFERENCE LISTING

SYMBGL TYPE/USAGE REFERENCES

50 53
60 63
50 57
60 67
18 22
10 117
21 24
13 14
11 16
21 21
21 27
17 20

IH
Ipi
IP2
IP3
IP4
ITRTF
IZERO
J
K
LOOP
NA1
NA2
NCR
NH
NIH
P MGTD
PPR CN
TH
TNH
TNIH
UM AX
YOU
ZK
ZL

ZL1
ZNEW
ZR

ZRI

CoN
1*4 VAR
I*4 VAR
1*4 VAR
1*4 VAR

SBR
I*4 VAR
1*4 VAR
I*4 VAR
1*4 VAR
1*4 VAR
1*4 VAR
1*4 VAR

caO
CON

R*4 VAR
R*4 VAR

COM
Cam
COm

R*8 VAR
R*8 ARR
R*8 ARR
R*8 VAR

R*8 VAR
R*8 VAR
R*8 VAR

R*8 VAR

8
33
34
49
46
15
6

13
12
5

17

7
7
4
3
7
2
2
2
2

93
2
2
2

93
2

23 99 99

52
105

8
6
9

38
93
55
74
39

113
47

111

100
35
35
51

107
55
78
61

65

X

o
00

4~.



SOURCE LISTING

CSN STATEMENT

0001 SUBROUTINE SOLID
0002 DOUBLE PRECISION TWOPI,A,OCOMPBDSHEARURARAYLXRARAIRA2,

>FRADRADL1,HH1,DL2,HH2,SPEEDDEPTHKRAYKMAXKSHEARAK1,AK2,YOU,
>AKNPVSOUND

0003 INTEGER ADCRSRAYCRS
0004 REAL KCOMP#KCOMP2,KSHR2
0005 COMNON/TN/zl(5o),ClsIsO),Z2(l5o),C2(150),ABSOR(150),ATTEN2(150),

>ATTENCC150),ATTENS(150),AIRH2O(150),H202ND(150),UNRMl(150s1202),
>UNRM2(15O,1202 ),MDPRNTINC 1INC 2H2,LI1,LI2 ,SHEAR ,NMODEKA, NOl,
>ND2,N2

0006 CONMON/TNI/RHOlRHO2,RH03,H12,COMPF,NI
0007 COMMON/TNH/AKN(15O)
0008 COMNON/NI/SOUNDCl202),SPEED(1202),TWOPIDL1,HH1 DL2,HH2,MATCH,

>NIPLS1 ,NPLS2,NlPLS3,N1MNS ,NINNS2,N2MNSlNTNTNNS2
0009 COMMON/NISOL/DCONPDSHEARKRAYADCRS
0010 COMNON/NH/AKlAK2,LOOP
0011 COMMON/NIH/IZERONCRYOU(1202),IIFG
0012 COMMON/TNIH/PPRCNPMGTD
0013 DIMENSION LAMP(3),DEPTH(1202),Xc650)9Yc650),MDNUM(12),LDEPTH(2)
0014 DATA LDEPTH/V DEP-'9TH r/
0015 DATA LAMP/'AMPLV,'ITUDtYE7 m
0016 8001 rORMAT (1/35XCOMPRESSIONAL VELOCITY SHEAR VELOCITY RAYLEI

>GH VELOCITY,/,4oXFIO.3,3X,2(9XFIO.3)) z
0017 9001 FORMAT (///,55WXSOUND SPEED PROFILEf//49WX DEPTH DEPTH C

> VELOCITY,/f/)
0018 10001 FORMAT (45Xt3FI1.3) C
0019 11001 FORMAT (I)
0020 12001 FORMAT (lHl,/,35XMAXIMUM NUMBER OF MODES =#13,1OXNUMBER OF MO

>DES CALCULATED ='I39II)
0021 13001 FORMAT (1H1)
0022 14001 FORMAT ( MODE NO. =wI3,5XPHASE VELOCITY ='*D20.12)
0023 15001 FORMAT (C UPPER AMPLITUDES MATCHED FOR THIS MODE STARTING AT NORMA

>LIZED DEPTH = ,F7.4)
0024 16001 FORMAT ( NUMBER OF ITERATE SOLUTIONS =wI3,5XTHE EIGENFUNCTION

>WAS SCALED DOWN,139 TIME(S)')
0025 17001 FORMAT U LAYER 2 ATTEN RATIO = DEFAULT ZERO)
0026 18001 FORMAT ( COMP ATTEN RATIO = DEFAULT ZERO')
0027 18002 FORMAT ( SHEAR ATTEN RATIO = DEFAULT ZERO)
0028 19001 FORMAT U WAVE NUMBER WATER ABSORPTION LAYER 2 ATTEN RATI

>0 COMP ATTEN RATIO SHEAR ATTEN RATIO AIR/H20 SCATTER H20/2
>ND SCATTER)

0029 20001 FORMAT (Dl9.12,4XEII.4,9X,2(Ell.4,IOX),E11.4,2(8XElO.4),//)
0030 21001 FORMAT (1H11,MODE AMPLITUDES FOR THE SOURCE FREQUENCY OFF9.3,' H

>Z.,g/I FIRST LAYER,9//)
0031 22001 FORMAT (loX,12(3XvI3X vMDE)v/)
0032 23001 FORMAT (4X,2A4,12(1X,2A4,Al))
0033 24001 FORMAT (13F10.4)
0034 25001 FORMAT (lHl'MODE AMPLITUDES FOR THE SOURCE FREQUENCY OFPF9.39- H

>Z.g//, SECOND LAYER9///)
0035 TWUPI=6.28318530717958DO



SOLID SOURCE LISTING

CSN STATEMENT

0036 F2=(F/1O0O.)*(FflOOO.)
0037 EPW=.l*F2/(l.+F2)*40.*F2/(4100.+F2)+2.75E-4*F2
0038 EPW=EPW*.1151292546*1.093613298E-3
0039 DClMP=DBLE(CCMP)
0040 DSHEAR=DBLE(SHEAR)
0041 A=l.0f(DCOMP*DCOMP)
0042 B=1.0/(DSHEAR*DSHEAR)
0043 URA=(DCOMP*DCOMP-2.0*DSHEAR*DSHEAR)/(2.0*(DCoMP*DCaMP-

>D SHEAR *DSH EAR))
0044 RAYL=((0.87+1.12*URA)/(1.O+URA))*DSHEAR
0045 XRA=1.0/(RAYL*RAYL)
0046 DO 10 J=195
0047 RA1=DSQRTCXRA-A)*DSQRT(XRA-B)
0048 RA2=(DSQRT(XRA-A)/DSQRT(XRA-B))+(DSQRT(XRA-B)/DSQRT(XRA-A))
0049 FRA=RA1-(XRA-(BX2.0))*(XRA-(B/2.0))/XRA
0050 DRA=0.5*RA2-(1.O-((B*B)/(4.0*XRA*XRA)))
0051 10 XRA=XRA-(FRA/DRA)
0052 RAYL=DSQRT(1.0/XRA)
0053 X(I)=Zl(l) Z
0054 CMIN1=Cl(l)
0055 CMAXl=Cl(l)
0056 DO 20 J=2,ND1
0057 IF (Cl(J).LT.CMINl) CMINl=Cl(J) C
0058 IF (Cl(J).GT.CMAX1) CMAXl=Cl(J)
0059 X(J)=Z1(J) 0

.0060 20 Zl(J)=ZI(J)/H112
0061 Y(1)=Z2(1)
0062 Z2(1)=Zl(NDl)
0063 CMIN2=C2(1)
0064 CMAX2=C2(1)
0065 DO 30 J=2,ND2
0066 IF (C2(J).LT.CMIN2) CMIN2=C2(J)
0067 IF (C2(J).GT.CMAX2) CMAX2=C2(J)
0068 Y(J)=Z2(J)
0069 30 Z2(J)=Z2(J)/H12
0070 CMIN=AMIN1(CMINlCMIN2)
0071 WRITE(6,8001) COMPSHEARRAYL
0072 WRITE(6,9001)
0073 WRITE(6,10001) (Zl(I),X(I),Cl(I),I=1,NDl)
0074 WRITE(6911001)
0075 WRITE(6,10001) (Z2(I),Y(I),C2(I),I=1,ND2)
0076 DLl=DBLE(1.0)/LIl
0017 HHI=DLl*DLl*H12*H12
0078 DL2=DBLE(H2)ZH12/LI2
0079 HH2=DL2*DL2*H12*H12
0080 NI=LI+l1
0081 NlPLSl=Nl~l
0082 NIPLS2=N1+2
0083 NIPLS3=NI+3
0084 NIMNSI=Nl-l



SOLID SOURCE LISTING

CSN STATEMENT

0085 NlMNS2=Nl-2
0086 N2=LI2+1
0087 N2ANS1=N2-1
0088 NT=NI+N2
0089 NTMNS1=NT-l
0090 NTMNS2=NT-2
0091 DEPTH(1)=0.0
0092 DEPTH(Nl)=l.0
0093 DEPTH(NlPLSI)=l.D
0094 DEPTH(NT)=DBLE(H2)/H12+1.0
0095 SPEED(l)=HH/Cl(Il)/Cl(l)
0096 SPEED(Nl)=HHl/Cl(NDl)/Cl(NDl)
0097 SPEED(NlPLS1)=HH2/C2(1)/C2(1)
0098 SPEED(NT)=HH2/C2(ND2)IC2(ND2)
0099 K=2
0100 DO 50 INTERP=2,NlMNSl
0101 DEPTH(INTERP)=(INTERP-1.0)*DLI
0102 KK=K
0103 DO 40 J=KK,ND1
0104 IF (DEPTH(INTERP).GT.Z1(J)) GO TO 40
0105 SPEED(INTERP)=C(Cl(J)-C1(J-1))*CDEPTH(INTERP)-ZI(J-1))/

>(DBLE(Zl(J))-Zl(J-1)))+Cl(J-1)
0106 SOUND(INTERP)=SPEED(INTERP) z
0107 SPEED(INTERP)=HH1/(SPEED(INTERP)*SPEED(INTERP)) C
0108 GO TO 50
0109 40 K=K+1 C
0110 50 CONTINUE
0111 K=2
0112 DO 70 INTERP=NlPLS2.NTMNSI
0113 DEPTH(INTERP)=(INTERP-l-Nl)*DL2+1.0
0114 KK=K
0115 DO 60 J=KKND2
0116 IF (DEPTH(INTERP).GT.Z2(J)) GO TO 60
0117 SPEED(INTERP)=(CC2(J)-C2(J-l))*(DEPTH(INTERP)-Z2(J-1))/

>(D8LE(Z2(J))-Z2(J-1)))+CZ(J-1)
0118 SUUND(INTERP)=SPEED(INTERP)
0119 SPEED(INTERP)=HH2/(SPEED(INTERP)*SPEED(INTERP))
0120 GO TO 70
0121 60 K=K+l
0122 70 CONTINUE
0123 IZERO=0
0124 ADCRS=1
O1Z5 KRAY=TWOPI*F/RAYL
0126 KMAX=TWOPI*F/CMIN
0127 KCOMP=6.2831853*F/COMP
0128 KCSMP2=KCOMP*KCOMP
0129 KSHEAR=TWOPI*F/DSHEAR
0130 KSHR2=KSHEAR*KSHEAR
0131 SRFC=39.4784176*F*F/(Cl(l)*Cl(l))
0132 BOTTOM=39.4784176*F*F/(CI(ND1)*C1(ND1))



SOLID SOURCE LISTING

CSN STATEMENT

0133 CALL ITRTS (KRAY.I)
0134 RAYCRS=NCR
0135 CALL ITRTS (KSHEARI)
0136 RAXMD=NCR+1
0137 NMODE=MIN0(NMODE9MAXMD)
0138 MGROPS=INT(NMODE/12.0+0.02)+1
0139 DO 350 M=1,MGROPS
0140 IBASE=(M-1)*12
0141 IF (M.LT.MGROPS) NIC=12
0142 IF (M.EQ.MGROPS) NIC=MOD(NMODE912)
0143 IF (NIC.EQ-0) GO TO 350
0144 DO 340 IC=1.NIC
0145 I=IBASE+IC
0146 MDNUM(IC)=I
0147 IF (I.LE.RAYCRS) GO TO 180
0148 AKI=KSHEAR
0149 AK2=KRAY
0150 ADCRS=0
0151 IM=I-1 Z
0152 GO TO 190
0153 180 AK1=KRAY
0154 AKZ=KNAX

o 0155 ADCRS=1 C
0156 IM=I
0157 IF (AKI.LT.AK2) GO TO 190 -0
0158 AK1=KSHEAR
0159 AK2=KRAY
0160 190 CALL HALFS (IN)
0161 100=0.0
0162 aDD1=0.0
0163 0002=0.0
0164 0DD3=0.0
0165 EVEN=0.0
0166 EVEN1=0.0
0167 EVEN2=0.0
0168 EVEN3=0.0
0169 DO 200 J=2,NlRNS1l2
0170 200 EVENl=EVEN1+YOU(J)*YOU(J)
0171 DO 210 J=3,NIMNS2,2
0172 210 ODD1=ODDl+YOU(J)*YOU(J)
0173 DO 220 J=N1PLS2,NTMNS1,2
0174 220 EVEN2=EVEN2+YOU(J)*YOU(J)
0175 DO 230 J=N1PLS3,NTMNS2,2
0176 230 ODD2=ODD2+YOU(J)*YOU(J)
0177 DO 234 J=29N1MNS1,2
0178 234 EVEN3=EVEN3+YOU(J)*YOU(J5/SOUND(J)
0179 DO 236 J=3,NlMNS2,2
0180 236 0D03=ODD3+YOUC(J)*YOUCJ)/SOUND(J)
0181 DO 240 J=NlPLS2,NTMNS1,2
0182 240 FVEN=EVEN+YOU(J)*YOU(J)/SOUNDCJ)



SOLID SOURCE LISTING

CSN STATEMENT

0183 DO 250 J=NlPLS39NTMNS2,2
0184 250 ODD=ODD+YOU(J)*YOU(J)/SOUND(J)
0185 AI1=RHOl*(DLI/3.0)*(YOU(1)*YOU(1)+4.0*EVEN1+2.0*ODDI+YOU(NI)*

>YOU(N1))
0186 A12=RHO2*(DL2/3.0)*(YOU(Nl+l)*YOU(Nl+1)+4.0*EVEN2+2.0*ODD2+

>YOU(NT)*YOUCNT))
0187 AKN2=AKN(I)*AKN(I)
0188 QC5MP=AKN2-KCOMP2
0189 CMPRT=SQRT(QCOMP)
0190 QSHEAR=2.O*AKN2-KSHR2
0191 SHEART=SQRT(AKN2-KSHR2)
0192 QSHR2=QSHEAR*QSHEAR
0193 Q=RHO3*QSHR2/(H12*QCOMP*KSHR2*KSHR2)
0194 A13=Q*(0.5/CMPRT+2.0*QCOMP*KSHR2/(SHEART*QSHR2)+

>6.0*SHEART*QCOMP/QSHR2-4.0*CMPRT/QSHEAR)
0195 IF (IFG.LE.0) GO TO 255
0196 A13=AI3/PMGTD/PMGTD
0197 IF (IFG.GT.1) A13=0.
0198 255 A14=RHO2*(DL2/3.0)*(YOU(NlIl)*YOUCNll)/C2(1)+4.0*tEVEN+2.0*ODD+

>YOU(NT)*YOU(NT)/C2(ND2))
0199 AI5=RHO1*(DL1/3.0)*(YOU(1)*YOUC1)/Cl(1)+4.0*EVEN3+2.0*ODD3+ m

>YOU(Nl)*YOU(Nl)/C1(ND1))
o 0200 AI=AI1+AI2+AI3 >
00 0201 ANzRM=SQRT(1.0fAD

0202 DO 260 J=1,NT
0203 IF (KA.EQ.0) UNRMI(IJ)=YCU(J)*ANORM C
0204 IF (KA.EQ.1) UNRM2(IJ)=YOU(J)*ANORM
0205 260 CONTINUE
0206 IF (KA.EQ.1) GO TO 270
0207 YNMI=UNRM1(Itl)
0208 YNM2=UNRM1(I,2)
0209 YNM3=UNRM1(T,3)
0210 YNM4=UNRMl(INl)
0211 YNM5=UNRM1(IN1PLSI)
0212 YNM6=UNRMl(I,NIPLS2)
0213 YNM7=UNRMl(INlPLS3)
0214 YNM8=UNRM1(I,NTMNS2)
0215 YNM9=UNRM1(INTMNSI)
0216 YNM10=UNRMl(I, NT)
0217 GO TO 275
0218 270 YNM1=UNRM2(I1)
0219 YNM2=UNRM2(I,2)
0220 YNM3=UNRM2(I93)
0221 YNM4=UNRM2(I.Nl)
0222 YNM5=UNRM2(I,NlPLSl)
0223 YNM6=UNRM2(IgNlPLS2)
0224 YNM7=UNRM2(INIPLS3)
0225 YNM8=UNRM2(I*NTMNS2)
0226 YNM9=UNRM2(INTMNSI)
0227 YNM1O=UNRM2(I,NT)



SOURCE LISTING

CSN STATEMENT

0228 275 DYOUA=(-3.*YNMI+4.*YNM2-YNM3)/(2.*DLI)
0229 DYOUB=(-3.*YNM5+4.*YNM6-YNM7)/(2.*DL2)
0230 DYOUC=(YNM8-4.*YNM9+3.*YNM10)/(2.*DL2)
0231 DYOUC=DYOUC*DYOUC
0232 IF (SRFC-AKN2.GT.PPRCN) GO TO 280
0233 AIRH2O(I)=0.0
0234 GO TO 290
0235 280 AIRH20(I)=RHOl*DYOUA*DYOUA/(4.*AKN(I)*Hl2**3*SQRT(SRFC-AKN2))
0236 290 IF (BOTTOM-AKN2.GT.PPRCN) GO TO 300
0237 H202ND(I)=0.0
0238 GO TO 310
0239 300 H252ND(I)=RHOI*SQRT(CBTTOM-AKN2)*(YNM4*YNM4+DYOUB*

>DYOUB/(H12*H12*(BOTTOM-AKN2)))/(4.0*AKN(I)*Hi2)
0240 310 PV=TWOPI*F/AKN(I)
0241 IF (AX4.GT.AI/PMGTD) GO TO 313
0242 A14=0.
0243 313 ATTEN2(I)=6.2831853*F*AI4/(AKN(I)*AI)
0244 ATTENC(I)=KCOMP*Q*.5/(CMPRT*H12*HI2*AKN(I))
0245 DYOU=DYOUC Z
0246 OUTSC=1./PMGTD/ATTENC(I)
0247 IF (DYOU.GT.DUTSC) GO TO 315
0248 DYOU=0.
0249 315 ATTENC(I)=ATTENC(I)*DYOU C
0250 ATTENS(I)=AKN(I)*Q/(H12*H112*KSHEAR)*(2.*KSHR2*QCOMP/(SHEART*QSHR2) :

>+8.*SHEART*QCOMP/QSHR2-4.*CMPRT/QSHEAR) X
0251 DUTSS=1./PMGTD/ATTENS(I) 4

0252 IF (DYCUC.GT.DUTSS) GO TO 317
0253 DYOUC=O.
0254 317 ATTENS(I)=ATTENS(I)*DYOUC
0255 ABSOR(I)=6.2831853*F*A15*EPW/(AKN(I)*AI)
0256 IF (IC.GT.1) GO TO 330
0257 WRITE(6912001) MAXMDNMODE
0258 330 IF (MOD(IC,7).EQ.0) WRITE(6,13001)
0259 WRITE(6,14001) IPV
0260 IF (IZERO.EQ.2) WRITE(6,15001) DEPTH(MATCH)
0261 WRITE(6,16001) LOOPIFG
0262 IF (AI4.LE.AI/PMGTD) WRITE(6,17001)
0263 IF (DYOU.LE.DUTSC) WRITE(6,18001)
0264 IF (DYOUC.LE.DUTSS) WRITE(6,18002)
0265 WRITE(6,19001)
0266 WRITE(6,20001) AKN(I),ABSOR(I),ATTEN2(I),ATTENC(I),ATTENS(I),

>AIRH2O(I),H2O2ND(I)
0267 340 CONTINUE
0268 IF (MDPRNT.EQ.0) GO TO 350
0269 WRITE(6921001) F
0270 WRITE(6,22001) (MDNUM(K),K=1,NIC)
0271 WRITE(6,23001) LDEPTH,(LAMP(l),LAMP(2),LAMP(3),K=1,NIC)
0272 Il=IBASE+l
0273 INIC=IBASE+NIC
0274 DO 345 J=1,NIINCI

S OLID0



SOLID SOURCE LISTING

CSN STATEMENT

0275 IF (KA.EQ.O) WRITE(6,24001) DEPTH(J),(UNRMl(KvJ),K=IlINIC)
0276 IF (KA.EQ.1) WRITE(6,24001) DEPTH(J),(UNRM2(KJ),K=IlINIC)
0277 345 CONTINUE
0278 WRITE(6,25001) F
0279 WRITE(6922001) (MDNUM(K),K=1,NIC) >
0280 WRITE(6923001) LDEPTHCLAMP(1),LAMP(2),LAMP(3)oK=1,NIC) z
0281 DO 349 J=N1PLSlNTINC2
0282 IF (KA.EQ.0) WRITE(6924001) DEPTH(J),(UNRMl(KJ),K=I1,INIC)
0283 IF (KA.EQ.1) WRITE(6924001) DEPTH(J),(UNRM2(KJ)9K=11,INIC) C
0284 349 CONTINUE
0285 350 CONTINUE
0286 RETURN
0287 END



.ID CROSS REFERENCE LISTING

LABEL TYPE DEFN REFERENCES

10 51 46
20 60 56
30 69 65
40 109 103 104
50 110 100 108
60 121 115 116
70 122 112 120

180 153 147
190 160 152 157
200
210
220
230
234
236
240
250
255
260
270
275
280
290
300
310
313
315
317
330
340
345
349
350

8001
9001

10001
11001
12001
13001
14001
15001
16001
17001
18001
18002
19001
20001
21001
22001
23001

170
172
174
176
178
180
182
184
198
205
218
228
235
236
239
240
243
249
254
258
267
277
284
285

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

169
171
173
175
177
179
181
183
195
202
206
217
232
234
236
238
241
247
252
256
144
274
281
139

71
72
73
74

257
258
259
260
261
262
263
264
265
266
269
270
271

'It
00

143 268

75

279
280

Sol



SOLID CROSS REFERENCE LISTING

LABEL TYPE DEFN REFERENCES

24001 33 275 276 282 283
25001 34 278

SYMBOL TYPEfUSAGE REFERENCES

A R*8 VAR
ABSOR R*4 ARR
ADCRS 1*4 VAR
AI R*4 VAR
AIRM20 R*4 ARR
All R*4 VAR
A12 R*4 VAR
A13 R*4 VAR
AI4 R*4 VAR
A15 R*4 VAR
AKN R*8 ARR
AKN2 R*4 VAR
AKI R*8 VAR
AK2 R*8 VAR
AMINI R*4 IFN
ANIR4 R*4 VAR
ATTENC R*4 ARR
ATTENS R*4 ARR
ATTEN2 R*4 ARR
8 R*8 VAR
BOTTOM R*4 VAR
CMAX1 R*4 VAR
CMAX2 R*4 VAR
CMIN R*4 VAR
CMINI R*4 VAR
CMIN2 R*4 VAR
CMPRT R*4 VAR
COaP R*4 VAR
Cl R*4 ARR

C2 R*4 ARR

DBLE R*4 IFN
DCOMP R*8 VAR
DEPTH R*8 ARR

DL1 R*8 VAR
OL2 R*8 VAR
DRA R*8 VAR
OSHEAR R*8 VAR
DSQRT R*4 IFN
DUTSC R*4 VAR

2
5
3

200
5

185
186
194
198
199

2
18 7

2
2

70
201

5
5
5
2

132
55
64
70
54
63

189
6
5

Ls105
5

117
39
2
2

260
2
2
2
2

47
246

41
255
9

201
233
200
200
196
241
255
7

188
10
10

203
244
250
243

42
236
58
67

126
57
66

194
39
54

105
63

117
40
9
13

275
8
8

50
9
47

247

47
266
124
241
235

48

150
243
266

48

155
255 262

196 197 200
242 243 262

187 187 235 239 240 243 244 250 255 266
190 191 232 235 236 239 239
148 153 157 158
149 154 157 159

204
246
251
266
47

239
58
67

57
66

194
71
55

105
64

117
76
39
91

276
76
78
51
40
48

263

249 249 266
254 254 266

48
239

70
70

244
127
57
131

66
198
78
41
92

282
77
79

48 49 49 50 50

250

57
131

66
198

58 58
132 132
67 67

94 105 117
41 43 43
93 94 101

283
77 101 185
79 113 186

42 42 43 43
48 48 48 52

73 95
199 199
75 97

95

97

96 96

98 98

43 43
104 105 113 116 117

199 228
198 229 230

43 43 44 129

z

C,



SOLID CROSS REPERENCE LISTING

SYMBOL TYPE/USAGE

DUTSS R*4 VAR
DYOU R*4 VAR
DYOUA R*4 VAR
DYOUB R*4 VAR
DYOUC R*4 VAR
EPW R*4 VAR
EVEN R*4 VAR
EVENT R*4 VAR
EVEN2 R*4 VAR
EVEN3 R*4 VAR
F R*4 VAR

FRA R*8 VAR
F2 R*4 VAR
HALFS SBR
HH1 R*8 VAR
HH2 R*8 VAR
H12 R*4 VAR

H2 R*4 VAR
H2J2ND R*4 ARR
I 1*4 VAR

IBASE I*4 VAR
IC 1*4 VAR
IFG I*4 VAR
IM I*4 VAR
INCI I*4 VAR
INC2 1*4 VAR
INIC 1*4 VAR
INT I*4 IFN
INTERP 1*4 VAR

ITRTS SBR
IZERI 1*4 VAR
I1 1*4 VAR
J 1*4 VAR

K 1*4 VAR

KA I*4 VAR

REFERENCES

251
245
228
229
230

37
165
166
167
168

6
243

2
36

160
2
2
6

2359
5
5

11
146
211
224
243
255
140
144

11
151

5
5

273
138
100
113
133

11
272
46
66
105
170
178
184
276
99

275
5

252
247
235
239
231

38
182
170
174
178
36

255
49
37

8
8

60
239
78

237
73

147
212
225
244
259
145
145
195
156
274
281
275

101
113
135
123
275
5 6
67

105
170
178
184
281
102
276
203

264
248
235
239
231

38
182
170
174
178
36

269
51
37

77
79
69

244
94

239
73

151
213
226
244
266
272
146
197
160

249 263

231
255
198
185
186
199
125
278

245 252 253 254 264

126 127 129 131 131 132 132 240

37 37 37

95
97
77

244

266
73

156
214
227
246
266
273
256
261

96 107
98 119
77 78

250 250

73
187
215
233
249
266

258

79 79 94 193

75 75
187 203
216 218
235 235
249 250
266 266

276 282 283

101 104 105 105 106
116 117 117 118 118

260
276
57
67

105
171
178
184
282
109
276
204

282
57
68

115
172
179
202
282
109
279
206

283
58
68

116
172
180
203
283
111
279
275

58 59
69 69

117 117
173 174
180 180
203 204
283
114 121
280 282
276 282

75
204
219
237
250
266

235 239

75 133 135 145
207 208 209 210
220 221 222 223
239 239 240 243
251 254 254 255
266

107 112

60 60 65 66
104 105 105 105
117 117 117 169
175 176 176 177
182 182 182 183
274 275 275 276

270 270
283 283

59
103
117
174
181
204

121
282
283

00

106 107 107
119 119 119

271 275



SOLID CROSS REFERENCE LISTING

SYMBOL TYPEIUSAGE REFERENCES

KCOMP R*4 VAR
KCOMP2 R*4 VAR
KK 1*4 VAR
KMAX R*8 VAR
KRAY R*8 VAR
KSHEAR R*8 VAR
KSHR2 R*4 VAR
LAMP 1*4 ARR
LDEPTH I*4 ARR
LII 1*4 VAR
L12 1*4 VAR
LOOP I*4 VAR
M 1*4 VAR
MATCH 1*4 VAR
MAXPD 1*4 VAR
MDNUM I*4 ARR
MDPRNT 1*4 VAR
MGRCPS 1*4 VAR
MINO 1*4 IFN
UOD 1*4 IFN
NCR 1*4 VAR
ND1 1*4 VAR
ND2 1*4 VAR
NH COM
NI COM
NIC 1*4 VAR
NIH CON
NISCL CON
NMODE I*4 VAR
NT 1*4 VAR

NTMNS1 1*4 VAR
NTMNS2 I*4 VAR
"I 1*4 VAR

NlMNS1 I*4 VAR
NIMNS2 1*4 VAR
NlPLS1 I*4 VAR
NlPLS2 1*4 VAR
NlPLS3 1*4 VAR
N2 1*4 VAR
N2MNS1 1*4 VAR
ODD R*4 VAR
0DD1 R*4 VAR
0DD2 R*4 VAR
0DD3 R*4 VAR
PMGTD R*4 VAR
PPRCN R*4 VAR
PV R*8 VAR
Q R*4 VAR

4
4

102
2
2
2
4

13
13

5
5

10
139

8
136
13
5

138
137
142

11
5
5

10
8

141
11

9
5
8

227
89

8
6

185
8
8
8
8
8
5
8

161
162
163
164
12
12

2
193

127
128
103
126

9
129
130
15
14
76
78

261
140
260
137
146
268
139

258
134
56
65

128
188
114
154
125
130
190
271
271

80
86

141

257
270

141

136
62
75

128

115

133
130
191
271
280

244

149 153 159
135 148 158 250
193 193 194 250
271 280 280 280

142

279

142

73 96 96 103 132 132 199
98 98 115 198

142 143 144 270 271 273 279 280

137
88

281
112

90
80

186
84
85
81
82
83
86
87

184
172
176
180
196
232
240
194

137 138 142 257
89 90 94 98

173
175
81

186
100
171
93

112
175

87

184
172
176
180
196
236
259
244

181
183

82
198
169
179
97

173
183

88

198
185
186
199
241

215
214
83

198
177

226
225
84

199

211 222
181 212
213 224

186 186 198 198 202 216

85 88 92 96 113 185
199 210 221 274

281
223

246 251 262

250

m

za
C
-TI



SOLID CROSS REFERENCE LISTING

SYMBOL TYPE/USAGE REFERENCES

QCOMP R*4 VAR 188
QSHEAR R*4 VAR 190
QSHR2 R*4 VAR 192
RSlDSQ SBR
R$1SQR SBR
RAYCRS 1*4 VAR 3
RAYL R*8 VAR 2
RAI R*8 VAR 2
RA2 R*8 VAR 2
RHO! R*4 VAR 6
RHO2 R*4 VAR 6
RHO3 R*4 VAR 6
SHEAR R*4 VAR 5
SHEART R*4 VAR 191
SOLID R*4 ENT 1
SOUND R*8 ARR 2
SPEED R*8 ARR 2

118
SQRT R*4 IFN 189
SRFC R*4 VAR 131
TN CON 5
TNH COM 7
TNI CON 6
TNIH CON 12
TWOPI R*8 VAR 2
UNRM1 R*4 ARR 5

275
UNRM2 R*4 ARR 5

276
URA R*8 VAR 2
X R*4 ARR 13
XRA R*8 VAR 2

50
Y R*4 ARR 13
YNM1 R*4 VAR 207
YNM1O R*4 VAR 216
YNM2 R*4 VAR 208
YNN3 R*4 VAR 209
YNM4 R*4 VAR 210
YNM5 R*4 VAR 211
YNM6 R*4 VAR 212
YNM7 R*4 VAR 213
YNM8 R*4 VAR 214
YNM9 R*4 VAR 215
YOU R*8 ARR 2

180
186

Z1 R*4 ARR 5
Z2 R*4 ARR 5

189 193 194 194 250 250
192 192 194 250
193 194 194 250 250

134
44
47
48

185
186
193

40
194

8
8

119
191
232

8
203
282
204
283
43
53
45
51
61

218
227
219
220
221
222
223
224
225
226

11
180
186
53
61

147
45
49
50

199
198

71
194

106
95

119
201
235

45 52 71 125

235 239

250

118
96

119
235

35 125
207 208

250

178 180 182 184
97 98 105 106 107 107 107 117

239

126 129 240
209 210 211 212 213 214 215

218 219 220 221 222 223

44 44
59 73
47 47
51 52
68 75

228
230
228
228
239
229
229
229
230
230
170
182
198
59
62

216

224 225 226 227

48 48 48 48 49 49 49 50

239

170
182
198

60
68

172 172 174 174 176 176 178 178
184 184 185 185 185 185 186 186
198 198 199 199 199 199 203 204
60 62 73 104 105 105 105
69 69 75 116 117 117 117

00



SOURCE LISTING

CSN STYTEMENT

0001 SUBROUTINE ITRTS (AKNL)
0002 DOUBLE PRECISION OMEGA2,TWOPICKNYOU,DSHEARDCOMPAKN.KRAYDL2,

>HHZSPEEDPPLUS1,PPMNSlBDLlHHlUMAXUABVLSOUND
0003 COMMONITNI/RHOIRH 02,RHO3,H12,COMPFYNI
0004 COMNONINI/SOUND(1202 ) SPEED(1202),TWOPIDLlHHl ,DL29HH2,MATCH,

>NIPLSlN1PLS2,NlPLS3,N1MNSlNlMNS2,N2MNSlNTNTMNS2
0005 COMMON/NISOL/DCOMPDSHEARKRAYADCRS
0006 COMMONINIHfIZERONCR9YOU(1202),IIFG
0007 COMMON/TNIHIPPRCNqPMGTD
0008 COMMON/IH/UMAX
0009 INTEGER ADCRS
0010 MATCH=O
0011 IF (IZERO.NE.1) GO TO 10
0012 DO 6 J=3,NIMNS2
0013 IF (TWOPI*F/S5UND(J).LT.AKN) GO TO 6
0014 MATCH=J
0015 GO TO 10
0016 6 CONTINUE
0017 DO 8 J=N41PLS3,NTMNS2
0018 IF (TWOPI*F/SOUND(J).LT.AKN) GO TO 8
0019 MATCH=J
0020 GO TO 10
0021 8 CONTINUE
0022 MATCH=NTMNS2
0023 10 NCR=O
0024 IFG=0 C
0025 MOEGA2=TWOPI*TWOPI*F*F
0026 CKN=TWOPI*F/AKN
0027 YOUCNT)=RHO3*DSHEAR**4/RHO2/(DSQRT(OMEGA2)*CKN**3)
0028 YOU(NT)=YOU(NT)*(4.O*DSQRT(1.0-CKN*CKN/(DCOMP*DCOMP))*

>DSQRT(DABSC1.0-CKN*CKN/(DSHEAR*DSHEAR)))-(2.0-CKN*CKN/
>(DSHEAR*DSHEAR))**2)/DSQRTC1.0-CKN*CKN/(DCOMP*DCOYP))

0029 IF (DABS(AKN-KRAY).LT.PPRCN) YOU(NT)=0.
0030 YOU(NT-1)=YOU(NT)-DL2*H12-YOU(NT)*

>(OMEGA2*SPEED(NT)-HH2*AKN*AKN)/2.0
0031 UMAX=DMAX1(DABS(YOU(NT)),DABS(YOU(NT-1)))
0032 IF (DABS(AKN-KRAY).GE.PPRCN) GO TO 11
0033 IF (ADCRS.EQ.1) NCR=NCR+1
0034 GO TO 15
0035 11 IF (DSIGN(I.DOtYOU(NT))*YOU(NT-1).LT.0.) NCR=NCR+1
0036 15 DO 31 J=2,N2MNS1
0037 NTMJ=NT-J
0038 PPLUSI=12.0+0MEGA2*SPEED(NTMJ)-HH2*AKN*AKN
0039 P=24.0-10.0*(0MEGA2*SPEED(NTNJ+1)-HH2*AKN*AKN)
0040 PMNS1=12.0+OMEGA2*SPEED(NTNJ+2)-HH2*AKN*AKN
0041 YOU(NTMJ)=(P/PPLUS1)*YOU(NTMJ+1)-(PMNSI/PPLUSI)*YOU(NTMJ+2)
0042 UABVL=DABSCYOU(NTMJ))
0043 IF (UABVL.GT.UMAX) UMAX=UABVL
0044 IF (OSIGN(I.D0,YOU(NTMJ))*YOU(NTMJ+*).LE.0.) NCR=NCR+1
0045 IF (UABVL.LT.PMGTD) GO TO 22



ITRTS SOURCE LISTING

CSN STATEMENT

0046 DO 21 JD=NTMJvNT
0047 IF (DABS(YOU(JD)).LT.1.DO) YOU(JD)=O.
0048 21 YOUCJD)=YOU(JD)/PMGTD
0049 UMAX=UMAX/PMGTD
0050 IFG=IFG+1
0051 22 IF (NTMJ.EQ.MATCH) GO TO 131
0052 31 CONTINUE
0053 B=(3.0*YOU(NlPLSI)-4.0*YOU(NIPLSI+I) +YU(NlPLS1+2))/(2.0*DL2)
0054 YOUC(Nl)=RHO2*YOU(NIPLS1)/RHOl
0055 YOU(NI-1 )=YOU(N1)+DLI*B-YOU(Nl)*COMEGA2*SPEED(NI)-HHl*AKN*AKN)/2.0
0056 IF (DABS(YOU(Nl)).GT.UMAX) UMAX=DABS(YOU(N1))
0057 IF (DABS(YOU(N1-1)).GT.UMAX) UMAX=DABS(YOU(NI-1))
0058 IF (DSIGN(l.DOYOU(Nl))*YOU(NI-1).LE.O.) NCR=NCR+1
0059 DO 121 J=2,NlMNSI
0060 NlMJ=Nl-J
0061 PPLUS1=12.0+0MEGA2*SPEED(NlMJ)-HH1*AKN*AKN
0062 P=24.0-10.0*(C MEGA2*SPEEDCNIMJ+1)-HH1*AKN*AKN)
0063 PMNSI=12.0+*MEGA2*SPEED(NlMJ+2)-HH1*AKN*AKN
0064 YOU(NIMJ)=(P/PPLUSI)*YOU(NlJ+1)-(PMNS1/PPLUSI)*YOU(CNMJ+2)
0065 UABVL=DABS(YOU(NIMJ))
0066 IF (UABVL.GT.UMAX) UMAX=UABVL
0067 IF CDSIGN(l.D0,YOU(NlMJ))*YOU(NlMJ+I).LE.0.) NCR=NCR+l
0068 IF (UABVL.LT.PMGTO) G1 TO 51 C
0069 Do 41 JD=N1MJtNT
0070 IF (DABS(YOU(JD)).LT.l.D0) YOU(JD)=0. 0
0071 41 YOU(JD)=YlU(JD)/PMGTD
0072 UMAX=UMAXIPMGTD
0073 IFG=IFG+1
0074 51 IF (NIMJ.EQ.MATCH) GO TO 131
0075 121 CONTINUE
0076 GO TO 151
0077 131 IZERO=2
0078 YOU(1)=0.0
0079 YOU(2)=DSQRT(HH1)*1.D-10
0080 DO 135 J=39N1
0081 PPLUSI=12.0+DMEGA2*SPEED(J)-HH1*AKN*AKN
0082 P=24.0-10.0*(OMEGA2*SPEED(J-1)-HH1*AKN*AKN)
0083 PMNSI=12.0*OMEGA2*SPEED(J-2)-HHl*AKN*AKN
0084 PPLUSI=(P/PPLUS1)*YOU(J-1)-(PMNSI/PPLUSI)*YOU(J-2)
0085 IF (J.EQ.MATCH) GI TO 148
0086 YOU(J)=PPLUS1
0087 IF (DABS(YOU(J)).LT.PMGTD) GO TO 135
0088 DO 133 JD=2,J
0089 IF (DABS(YOU(JD)).LT.1.D0) YOU(JD)=0.0
0090 133 YOU(JD)=YOU(JD)/PMGTD
0091 135 CONTINUE
0092 B=(-3.0*YOU(NlMNS2)+4.0*YOU(N1'!NSI)-YOU(Nl))/(2.0*DLI)
0093 YOU(NlPLSl)=RHOl*YOU(Nl)fRHO2
0094 YOU(NIPLS2)=YOU(NlPLS1)+DL2*8-YOU(NlPLS1)*

>(OMEGA2*SPEED(NIPLS1)-HH2*AKN*AKN)/2.0



ITRTS SOURCE LISTING

CSN STATEMENT

0095 DO 145 J=NIPLS3,NTMNS2
0096 PPLUS1=12.0+*MEGA2*SPEED(J)-HH2*AKN*AKN
0097 P=24.0-10.0*(C MEGA2*SPEED(J-I)-HHH2*AKN*AKN)
0098 PMNS1=12.0+.MEGA2*SPEED(J-2)-HH2*AKN*AKN
0099 PPLUSI=(P/PPLUSI)*YOU(J-I)-(PMNSI/PPLUSI)*YOU(J-2)
0100 IF (J.EQ.MATCH) GO TO 148
0101 YDU(J)=PPLUS1
0102 IF (DABS(YOU(J)).LT.PMGTD) GO TO 145 X
0103 DU 143 JD=2J >

00 0104 IF (DABS(YOU(JD)).LT.1.DO) YOU(JD)=OO3
0105 143 YDUCJD)=YOU(JD)/PMGTD
0106 145 CONTINUE
0107 GO TO 151 r
0108 148 JMNSl=J-l
0109 DO 149 JD=2,JMNS1
0110 YOU(JD)=(YOU(JD)/PPLUSI)*YOU(NATCH)
011-1 IF (DABS(YOU(JD)).LT.l./PMGTD) YOU(JD)=0.0
0112 149 CONTINUE
0113 151 CONTINUE
0114 RETURN
0115 END



ITRTS CROSS REFERENCE LISTING

LABEL TYPE DEFN REFERENCES

16 12
21 17
23 II
35 32
36 34
48 46
51 45
52 36
71 69
74 68
75 59
77 51
90 88
91 80

105 103
106 95
108 85
112 109
113 76

13
18
15 20

74

87

102
100

107

REFERENCES

ADCRS I*4 VAR
AKN R*8 DAR

B
CKN
COMP
DABS

DCOMP
DL1
DL2
DMAXt
DSHEAR
DSIGN
DSQRT
F
HH1
HH2
H12
I
IFG
IH
ITRTS

R*8 VAR
R*8 VAR
R*4 VAR
R*4 IFN

R*8 VAR
R*8 VAR
R*8 VAR
R*4 IFN
R*8 VAR
R*4 IFN
R*4 IFN
R*4 VAR
R*8 VAR
R*8 VAR
R*4 VAR
1*4 VAR
1*4 VAR

COm
1*4 ENT

5
1

39
81
98

2
2
3

28
70

2
2
2

31
2

35
27
3
2
2
3
6
6
8
1

9 33
2 13

40 40
82 82

18 26 29 30 30 32 38 38 39
55 55 61 61 62 62 63 63 81
83 83 94 94 96 96 97 97 98

53 55 92 94
26 27 28 28

29
87

5
4
4

31 31
89 102
28 28
55 92
30 53

5 27
44 58
28 28
13 18
4 55
4 30

30

28
67
28
25
61
38

32
104

28

28 28 28 28 28 28

42 47 56 56 57 57 65
111

28

94

28 28 28

79
25
62
39

26
63 79 81 82 83
40 94 96 97 98

24 50 50 73 73

6
8

11
15
21
22
31
41
51

121
131
133
135
143
145
148
149
151

SYMBOL TYPE/USAGE

2

C

H
0000

bi
\0



ITRTS CROSS REFERENCE LISTING

17
84

101
48
103

18
85

102
48

104

1 9
86

103
69

104

36
87

108
70

105

37
88

70
105

59
95

71
109

60
96

71
110

80
97

88
110

81
98

89
111

29 32

10 14 19 22 51 74 85 100
23 33 33 35 35 44 44 58

28
46
39
22
55
92
62
92
92
53

110
58 67 67

28 29 30 30 30 30 31 31 35
69
40 41 41 41 42 44 44 46 51
95
55 55 55 56 56 57 57 58 58
93
63 64 64 64 65 67 6T 69 74

53 54 93 94 94 94

95

27
94
41
48
41
41
99
32

93
54

30 38
96 97
62 64
49 68
63 64
41 61
99 101

39
98
82
71
83
64

110

40 55 61

84 97 99
72 87 90
84 98 99
64 81 84

62 63 81

102 105 111

84 84 86

93

4 13 18
4 30 38

94 96 97

4 13 18
42 43 43

8 31 43
72 72

6 27 28

39
98

40 55 61 62 63 81 82

25 25 26
45 65 66
43 49 49

66 68
56 56 57 57 66

28 29 30 30 30 31 31 35

SYMBOL TYPE/USAGE REFERENCES

IZERI I*4 VAR
J I*4 VAR

JD I*4 VAR

11 77
13 14
83 84
99 100
47 47
90 90

109
5

JMNSI
KRAY
L
MATCH
NCR
NI
NIH
NISOL
NT

NTHJ
NTMNS2
N1

N1J
NiMNS1
N1MNS2
NlPLSI
NlPLS2
NlPLS3
N24NS1
ONEGA2

0

6
12
82
99
46
89

111
108

2
1
4
6
4
6
5
4
35
37
4
3

60
60
4
4
4
4
4
4
2

82
2
7
2
2

96
7

3
3
3
2
2
83

3
7
2
2
2

66
2

I*4 VAR
R*8 VAR
1*4 DAR
1*4 VAR
1*4 VAR

CON
CON
CON

I*4 VAR

1*4 VAR
I*4 VAR
1*4 VAR

1*4 VAR
I*4 VAR
I*4 VAR
I*4 VAR
1*4 VAR
I*4 VAR
1*4 VAR
R*8 VAR

R*8 VAR
R*4 VAR
R*8 VAR
R*8 VAR

R*4 VAR
SBR

R*4 VAR
R*4 VAR
R*4 VAR
R*8 ARR
R*8 ARR

CON
CaO

R*8 VAR
R*8 VAR
R*8 VAR

R*8 ARR

27
37
38
17
54
80
61
59
12
53
94
17
36
25
83
39
45
40
38
99
29

54
27
2 7

p
PHGTD
PMNSI
PPLUS1

PPRCN
RSIDSQ
RH01
RHO2
RH13
SOUND
SPEED

TNI
TNIH
TWOPI
UABVL
UMAX

YOU



CROSS REFERENCE LISTING

SYMBOL TYPE/USAGE

35 41 41 41 42 44
53 53 54 54 55 55
58 64 64 64 65 67
79 84 84 86 87 89
93 93 94 94 94 99

105 110 110 I10 111 111

44 47 47
55 56 56
67 70 70
89 90 90
99 101 102

48 48 53
57 57 58
71 71 78
92 92 92
104 104 105

ITRTS

REFERENCES

C

%0

t,



SOURCE LISTING

CSN STATEMENT

0001 SUBROUTINE HALFS (L)
0002 DOUBLE PRECISION AKlAK2,ANEWAKZKYOUAKNLAKNRZLZRAR1,ALI,

>ZR1,ZLIZNEWAKAAKNUMAX
0003 COMMON/TNH/AKN(150)
0004 COMMON/TH/EPSLN
0005 COYMM0NNH/AK1,AK2,LOOP
0006 CONMON/NIH/IZERONCRYOU(1202),IIFG
0007 COMMON/TNIH/PPRCNPMGTD
0008 COMMON/IH/UMAX
0009 DIMENSION AK(2),ZK(2)

C
C ********** PART 1 **********
C

0010 IZER1OO
0011 LOOP=0
0012 DO 52 K=1,2
0013 J=L+1-K
0014 IF (K.EQ.2) GO TO 12
0015 CALL ITRTS (AK1,L)
0016 LO0P=LOOP+l
0017 NA1=NCR
0018 CALL ITRTS (AK2,L) >
0019 LUOP=L5§P+1 z
0020 NA2=NCR a
0021 IF (NAl.EQ.l.AND.NA2.EQ.1) NA1=2
0022 12 ANEW=((AK2-AK1)*(J-NA1)/(NA2-NAI))+AK1 r
0023 CALL {TRTS (ANEW9) '
0024 LOOP=LOOP+1
0025 IF (NCR.EQ.J) GO TO 42
0026 IF CNCR.GT.J.AHD.NCR.NE.NA2) GO TO 32
0027 AK2=ANEW
0028 NA2=NCR
0029 GO To 12
0030 32 AK1=ANEW
0031 NA1=NCR
0032 GO TO 12
0033 42 AK(K)=ANEW
0034 IF (K.EQ.1) IP1=IFG
0035 IF (K.EQ.2) IP2=IFG
0036 52 ZK(K)=YOU(1)
0037 AKNL=AK(1)
0038 AKNR=AK(2)
0039 ZL=ZK(1)
0040 ZR=ZK(2)

C
C ********** PART 2 *********
C

0041 ICLSIN=0
0042 62 ICLSIN=ICLSIN+1
0043 IF (ICLSIN.EQ.20) GO TO 112



HALFS SOURCE LISTING

CSN STATEMENT

0044 ARI=AKNR-(l.E-12)
0045 ALI=AKNL+(C.E-12)
0046 CALL IIRTS (ARisL)
0047 IP4=IFG
0048 ZRI=YOUCl)
0049 CALL ITRTS (AL1,L)
0050 IP3=IFG
0051 64 IF (IP1-IP3) 66,70,68
0052 66 IF (DABS(IL).LE.1.O0) IL=O.
0053 ZL=ZL/PMGTD
0054 IPI=IPl+l
0055 GO TO 64
0056 68 IF (DABS(ZLI).LE.1.O0) ZL1=0.
0057 ZLI=ZL1/PMGTD
0058 IP3=1P3*1
0059 GO TO 64
0060 70 CONTINUE
0061 72 IF (IP2-IP4) 74,78,76
0062 74 IF (DABS(ZR).LE.I.DO) ZR=0. Z
0063 ZR=ZR/PMGTD
0064 lP2=IP2+1
0065 GfO TO 72
0066 76 IF (DABS(ZRR).LE..DO) ZQ1=O.O
0067 ZRI=ZRC/PMGTD C
0068 IP4=IP4+1
0069 GO TO 72
0070 78 ZLI=YOU(C)
0071 IF (DABS(ZR1).GT.DABS(ZR)) GO TO 82
0072 IF (DABS(ZLl).LE.DABS(ZL)) GO TO 122
0073 82 ANEW=(AKNR*AKNL)/2.0
0074 CALL ITRTS CANEWL)
0075 ZNEW=YOU(1)
0076 IF (NCR.NE.L) GO TO 102
0077 AKNL=ANEW
0078 IP1=IFG
0079 ZL=ZNEW
0080 GO TO 62
0081 102 AKNR=ANEW
0082 IP2=IFG
0083 ZR=ZNEW
0084 GO TO 62

C
C ********** PART 3 **********
C

0085 112 IF (IP1-IP2) 117,119,118
0086 117 IF (DABS(ZL).LE.1.D0) ZL=0.
0087 ZL=ZL/PMGTD
0088 IPI=IPll
0089 GO TO 112
0090 118 IF (DABS(ZR).LE.l.DO) ZR=O.



HALFS SOURCE LISTING

CSN STATEMENT

0091 ZR=ZR/PMGTD
0092 IP2=IP2+1
0093 GO TO 112
0094 119 AKA=AKNL+CZL*(AKNR-AKNL))/CZL-ZR)
0095 FLOG=1.0
0096 GO TO 132
0097 122 AKA=(AKNL*AKNR)12.0
0098 FLOG=2.0
0099 132 CALL ITRTS (AKAL)
0100 LCOP=L00P+l*
0101 EPLON=EPSLN*UMAX
0102 IF (DABS(YOU(I)).GT.EPLON) GO TO 162 r
0103 IF (DABS(AKNL-AKA).LE.1.E-12) GO TO 222 m
0104 IF (DABS(AKNR-AKA).LE.1.E-12) GO TO 222 >
0105 162 IF (NCR.NE.L) GO TO 192
0106 IF CDABS(AKNL-AKA).LE.PPRCN) GO TO 212
0107 IPI=IFG
0108 ZL=YOU(1) C
0109 AKNL=AXA '

0110 IF (FLOG.GT.1.5) GO TO 112
0111 GO TO 122
0112 192 IF (DABS(AKNR-AKA).LE.PPRCN) GO To 212
0113 IP2=IFG
0114 ZR=YOU(1)
0115 AKNR=AKA
0116 IF (FLOG.GT.1.S) GO TO 112
0117 GO TO 122
0118 212 IZERO=l
0119 CALL ITRTS (AKAL)
0120 222 AKN(I)=AKA
0121 RETURN
0122 END



HALFS CROSS REFERENCE LISTING

LABEL TYPE DEFN REFERENCES

12 22 14 29 32
32 30 26
42 33 25
52 36 12
62 42 80 84
64 51 55 59
66 52 51
68 56 51
70 60 51
72 61 65 69
74 62 61
76 66 61
78 70 61
82 73 71

102 81 76
112 85 43 89 93 110 116
117 86 85
118 90 85
119 94 85
122 97 72 111 117
132 99 96
162 105 102
192 112 105
212 118 106 112
222 120 103 104

SYMBOL TYPE/USAGE REFERENCES

AK R*8 ARR
AKA R*8 VAR
AKN R*8 ARR
AKNL R*8 VAR
AKNR R*8 VAR
AKI R*8 VAR
AK2 R*8 VAR
ALI R*8 VAR
ANEW R*8 VAR
ARI R*8 VAR
DABS R*4 IFN

EPLON R*4 VAR
EPSLN R*4 VAR
FLOG R*4 VAR
HALFS R*4 ENT
I I*4 VAR
ICLSIN 1*4 VAR
IFG 1*4 VAR

2 9
2 94
2 3
2 37
2 38
2 5
2 5
2 45
2 22
2 44

52 56
104 106
101 102

4 101
95 98

1
6 120

41 42
6 34

33 37 38
97 99 103 104 106 109 112 115 119 120

120
45
44
15
18
49
23
46
62

112

73 77
73 81
22 22
22 27

94 94 97 103 106 109
94 97 104 112 115
30

27 30 33 73 74 77 81

66 71 71 72 72 86 90 102 103

110 116

42 43
35 47 50 78 82 107 113

t'J
(-AI

W
Po

~o



H4LFS CROSS REFERENCE LISTING

SYMBOL TYPE/USAGE REFERENCES

51
61
51
61
18
10
22
13
13
11
21
21
17

54 54
64 64
58 58
68 68
23 46
118
25
14
15
16
21
22
20

7 53 57
7 106 112
4
3

101
36
36
52

108

a
6
9

39
94
56
75
40

114
48

26
33
18
16
22
26
25

78 85 88 88 107
82 85 92 92 113

49 74 99 119

34
23
19
22
28
26

35
46
19
31

36
49
24

74 76 99
24 100 100

26 28 31 T6 105

63 67 87 91

48 70
39 40
52 53

56 57
79 83
62 62

105 119

z

rl

75 102 108 114

53 72 79 86 86 87 87

57 70 72

63 63 71 83 90 90 91 91

66 66 67 67 71

8
34
35
50
47
15
6

13
12
1
5

17
20
6
5

IH
IP1
IP2
TP3
TP4
ITRTS
IZERO
J
K
L
LOOP
NAl
NA2
NCR
NH
NIH
P MG TO0
PPRCN
TH
TNH
TNIH
UMAX
YOU
ZK
ZL

ZL1
ZNEW
ZR

ZR1

CON
I*4 VAR
1*4 VAR
I*4 VAR
1*4 VAR

SBR
1*4 VAR
1*4 VAR
I*4 VAR
1*4 DAR
1*4 VAR
1*4 VAR
1*4 VAR
1*4 VAR

COm
cuN

R*4 VAR
R*4 VAR

CON
CON
CON

R*8 VAR
R*8 ARR
R*8 ARR
R*8 VAR

R*8 VAR
R*8 VAR
R*8 VAR

R*8 VAR

7
2
2
2
2

94
2
2
2

94
2

t1i
all


